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The Diagnosis of Actinomycosis and Actinobacillosis 


M. S. SHAHAN, D.V.M., and C. L. DAVIS, D.V.M. 


U. S. Bureau of Animal Industry 
Washington and Denver 


TECHNICALLY SPEAKING, actinomycosis 
means infection by any of the many species 
of organisms in the genus Actinomyces.! 
Clinically, the term is practically confined 
in the case of cattle to infections charac- 
terized by hard swellings of the tongue 
and other organs and bony enlargements 
of the jaw, as originally described by 
Bollinger, although often other purulent 


infections attended by granulomatous 
processes are indiscriminately included. 
Harz, a botanist, suggested the name 


Actinomyces bovis for the fungus-like or- 
ganism present in the numerous, opaque, 
vellowish granules (sulfur granules) that 
characterize the pus of actinomycosis.* 
A disease resembling actinomycosis of 
cattle was encountered in man by Israel* 
in 1878-9, and in 1£79 Ponfick® suggested 
that the two diseases were identical. In 
1890, Bostroem® reported demonstration of 
aérobie, branching, filamentous organisms 


om the Pathological Division, U. S. Bureau of 
nal Industry, Washington, D. C. (Shahan) and 
Braneh Pathological Laboratory, Denver, Colo. 
Vis). 
ergey, D. H., Breed, R. S., Murray, E. G. D., 
hens, A. P., and others: Bergey’s Manual of 
erminative Bacteriology, 5th ed., Williams and 
‘ins, Baltimore, Md., (1938). 
‘ollinger, O.: Ueber eine neue Pilzkrankeit beim 
l.nde, Zbl. med. Wiss., xv (1877), p. 481. 
larz, C. O.: 1877-8, Actinomyces bovis, Eine 
Schimmel in den Geweben des Rindes. 
resb. d. Central—Thierarznei—Schule, Miinchen, 
Deut. Zeitsch. f. Thiermed. u. vergl. Path., v 
(9), pp. 125-140. 
israel, J.: Neue Beobachtung auf dem Gebiete 
Mykosen des Menschen. Virchow’s Arch. path. 
it. Phys., Ixxiv (1878), p. 15; ibid.: Neue Bei- 
se Zu den mykotischen Erkrankungen des Men- 
en. Ibid., Ixxviii (1879), p. 421. 
Ponfick : Achter Congress der Deutschen Gesell- 
aft fiir Chirurgie zu Berlin. Berl. klin. Wschr., 
(1879), p. 3465. 


from bovine cases and in 1891 Wolff and 
Israel found morphologically similar, but 
anaérobic, organisms in human cases.? In 
1905, Wright® made a detailed study of 
actinomycosis in man and cattle. The or- 
ganisms to which he assigned etiologic 
significance were anaérobes like those 
originally described by Wolff and Israel. 
The aérobic organisms in the tissues de- 
scribed by Bostroem and others closely re- 
sembled those readily found in soil and on 
grasses, cereals, and other vegetable mate- 
rials. Fragments of grass and awns of 
various plants were frequently observed 
in the lesions of actinomycosis, and it was 
assumed that the organisms from these 
foreign substances caused the disease. The 
evidence contradicting this view is well 
summarized by Topley and Wilson® and the 
British Medical Research Council.'° The 
present general conception is that only 
anaérobic or microaérophilic organisms 
should be classed as A. bovis, and that 
these, which are probably strictly parasitic 
organisms, rather than the widely dis- 
tributed saprophytic Actinomyces (spp), 
are the cause of true actinomycosis. 


Untersuchungen iiber die Akti- 


*Bostroem, E.: 
Beit. path. Anat. allg. 


nomykose des Menschen. 
Path., ix (1890), p. 1. 

TWolff, M., and Israel, J.: Ueber Reincultur des 
Actinomyces und seine Uebertragbarkeit auf Thiere. 
Virchow’s Arch. path. Anat. Phys., cxxvi (1891), 
p. 11. 

sWright, J. H.: The Biology of the Microérgan- 
isms of Actinomycosis. J. Med. Res., viii (1905), 
p. 349, 

*Topley, W. W. C., and Wilson, G. S.: The Prin- 
ciples of Bacteriology, 2nd ed., Wm. Wood and 
Co., Baltimore, Md. (1936). 

British Medical Research Council: A System of 
Bacteriology in Relation to Medicine, H. M. Sta- 


tioner’s Office, London, viii (1931). 
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Actinomycosis has been diagnosed many 
times entirely on the basis of the presence 
of rayed formations of elongated, club- 
shaped, eosinophilic, hyaline-like struc- 
tures, sometimes referred to as rosettes, in 
pus or sections. Ligniéres and Spitz! 
were the first to show that other organisms 
besides Actinomyces might be attended in 
the tissues by radiating club formations, 
or rosettes. The lesions found in Argen- 
tine cattle by Ligniéres and Spitz were re- 
producible by inoculation of a nonmotile, 
nonbranching, gram-negative, aérobic coc- 
cobacillus, which they called actinobacillus, 
now known as Actinobacillus ligniéresi. 
The disease, actinobacillosis, has since been 
widely identified and studied. Higgins!” 
in ‘Canada; Griffith," Bosworth,’ and 
Davies and Torrance!® in the British Isles; 
Gunst!* in Holland; Bongert!* in Germany; 
Hulphers!® and Magnusson!® in Sweden; 
and Thompson?® and Vawter?! in the 
United States have studied both actino- 
bacillosis and actinomycosis and agree gen- 
erally with Ligniéres and Spitz. Still, as 
stated by Vawter in 1933,°! “The work of 
Ligniéres and Spitz has not received the 
attention it warrants.” Distinctions be- 
tween actinomycosis and actinobacillosis 
are not fully recognized and appreciated 
even today, with the consequence that there 

Ligniéres, J., and Spitz, G.: Actinobacillose. 
Rev. de la Sociedad Médica Argentina, x (1902), 
p. 5. 

“Higgins, C. H.: Actinobacillosis. Proc. 41st Mtg. 
A.V.M.A., (1904), p. 131. 
~ 8Griffith, F.: On the Pathology of Bovine Acti- 
nomycosis. J. Hygiene, xv (1916), p. 195. 

“Bosworth, T. J.: The Causal Organisms of 
Bovine Actinomycosis. J. Comp. Path. Therap., 
Kxxvi (1923), p. 1. 

bDavies, G. O., and Torrance, L.: Observations 
Regarding the Etiology of Actinomycosis in Cattle 
and Swine. J. Comp. Path. Therap., xliii (1930), 
p. 216. 

®Gunst, J. A.: Over Verwekkers van Actinomy- 
cose bij het Rund. Tidschr. v. Diergeneesk., liv 
(1927), p. 497. 

“Bongert, J.: Die Aetiologie der Aktinomykose 
bei Rindern und Schweinen. Zeitschr. f. Fleisch u. 
Milchhyg., xxxiv (1924), p. 251. 

Hulphers, G.: Fortsatta Undersékningar rérande 
Nétkreaturs Aktinomykosens Atiologi. Svensk. Vet- 
erindrtidskrift, xxviii (1923), p. 273. 

Magnusson, H.: The Commonest Forms of 
Actinomycosis in Domestic Animals and _ their 
Etiology. Acta Path. et Microbiol. Scand., v (1928), 
p. 170. 

®Thompson, L.: 
the United States. 
223. 


™Vawter, L. R.: A Study of Actinomycosis. 
nell Vet., xxiii (1933), p. 126. 


Cattle in 
(1933), p. 


Actinobacillosis of 
J. Infect. Dis., lii 


Cor- 


are wide discrepancies in clinical reports, 
Failure to distinguish one disease from 
the other has led to diversity of opinion 
as to the efficacy of iodine therapy. Sodium 
iodide administered intravenously, as orig- 
inally recommended by Farquharson,2? has 
been widely used. The treatment has been 
generally acclaimed as practically specific 
for actinobacillosis, but there is some ques- 
tion as to its efficacy in cases of actinomy- 
cosis, especially those with bone involve- 
ment. 

In botryomycosis, preferably called 
staphylococcosis by some since it is now 
generally attributed to staphylococci 
rather than so-called Botryomyces, gran- 
ules resembling those of actinomycosis are 
formed in the purulent contents of the 
Microscopically, these 
consist of gram-positive masses of micro- 
cocci enclosed in a zodgleal substance. 
About these masses, radiating hyaline-like 
clubs are sometimes found particularly in 
bovine udder lesions. Horses and swine, 
as well as cattle, may be affected. 

In the study of coccidioidal granuloma 
in cattle, it has been observed by one of 
the writers (C. L. D.) that Coccidioides 
immitis may lead to the formation of 
rosettes in the tissues.** The rosettes when 
present in the purulent contents of cocci- 
dioidal granulomata may be seen in press 
preparations or in histologic sections (fig. 
1). The presence of the spherules from 
which the clubs radiate permits differen- 
tiation from other suppurative processes 
with radiating clubs. It has been reported 
that hyaline clubs may be formed about 
dead masses of tubercle bacilli under ex- 
perimental conditions and that they could 
occur in some cases of natural tubercu- 
losis. 

Abscesses due to Corynebacterium 
pyogenes are frequently found in the lymph 
nodes or elsewhere in cattle and other ani- 
mals. These lesions may be mistaken for 
actinobacillosis or actinomycosis. In these 
cases, however, no rosettes have been ob- 


2Farquharson, J.: Intravenous Use of Sodium 


Iodide in Actinomycosis. J.A.V.M.A., xci (1937), 
p. 651. 
*’Davis, C. L., and Stiles, G. W.: Actinobacillo- 


sis in Rams. J.A.V.M.A., xcv (1939), p. 754, 
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rved, according to reports. Nor have 
settes been reported in other pyogenic 
fections not specifically mentioned here. 
1e main confusion, or rather lack of 
pecific recognition, is with respect to 
tinomycosis and_ actinobacillosis, the 
ibjects of this paper. 

In 1938, the writers made a study of 
8 unselected cases of suspected actinomy- 
osis and actinobacillosis in slaughtered 
attle in an attempt to correlate or dis- 
tinguish the macroscopic, cultural, and 


Fig. |—Section of bovine coccidioidal granuloma 

in lung, showing a spherule surrounded by a well 

defined ray of clubs. Stained by hematoxylin- 

eosin. x500. 

histopathological findings in the two con- 
litions. Lesions of soft tissues and bone 
vere included in these cases. In each in- 
tance, the lesions were examined grossly; 
\istologic sections were prepared; the pus 
vas examined in press preparations, and 
he size and morphology of the rosettes 
vere noted; the material was ground in 
sterile sand and cultured; and a Gram stain 
was made of both smears and sections as 
an aid in determining the character of the 
rganisms involved in each case. The 
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pathological and cultural examinations 
were conducted independently, and after 
completion of the study it was found that 
the two methods of diagnosis showed a 
close correlation. The distribution of the 
lesions and the diagnosis of the cases in 
this group are shown in table I. The find- 
ings were essentially the same as _ those 
reported by other investigators referred to 
above. The results indicated that a dif- 
ferential diagnosis could be satisfactorily 
made in the majority of cases without re- 


Fig. 2—Section of actinomycosis in bone, stained 

by hematoxylin-eosin, showing a granule com- 

posed of a central mass of organisms surrounded 

by a fringe of radiating clubs. x450. 
sorting to cultural methods. 

Fifty additional cases in different species 
of animals in which soft tissues only were 
involved were submitted to the Denver 
laboratory for diagnosis. Of the 50 cases, 
actinomycosis of soft tissues other than 
lymph nodes was diagnosed in 4 animals 
with involvement of reticulum, lung, and 
mucosa of the frontal sinus (see table II). 
In the actinomycotic cases of this group 
there were no associated bone lesions. 
Lesions in the lymph nodes only, or in com- 
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TABLE |.—Summary of cu'tural and pathological 
observations. 


ACTI- AcTI- 
No. OF NOBACIL- NOMY- 
LOCATION OF LESIONS SPECIMENS LOSIS cosis 
Cervical lymph nodes..... 18 18 
Cervical lymph nodes and 
Submaxillary salivary 
Jaw Cmaeandible) 5 5 
Jaw and lymph nodes*... l 1 ] 


*This case presented the two types of infection 
in the same animal. The jaw lesion was actinomy- 
cosis and the lesions in the submaxillary, post- 
pharyngeal and prefemoral lymph nodes were agti- 
nobacillosis. 


AND C. L. DAVIS 
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mycosis of the mandible and actinobaci|- 
losis of the submaxillary, postpharyngeal, 
and prefemoral lymph nodes, but to date 
both conditions within the same lesion have 
not been observed by the writers. 


LABORATORY FINDINGS 


Grossly, the purulent contents of the 
lesions of actinomycosis and actinobacil- 
losis are similar. The pus is viscid and 
greenish-yellow. Actinomycotic pus con- 
tains sulfur granules that are visible to the 
unaided eye, while in actinobacillosis, the 
granules are in the form of thin, whitish 


Fig. 3—Section of actinobacillosis in a lymph 

node, showing two small rosettes with pointed, 

clubbed énds. Stained by hematoxylin-eosin. 
x450. 


bination with other lesions, are generally 
actinobacillosis. However, actinobacillosis 
without lymph node involvement was also 
observed in lung, liver, peritoneum, tongue, 
buccal membrane, muscle, and subcutan- 
eous tissues. Occasionally, both diseases 
may be found in the same animal; bacteri- 
ological and pathological study of one such 
case, shown in table I, revealed actino- 


Fig. 4—A gram stain of a section of actinomy- 
cotic lung in a hog, with diphtheroid and fila- 
mentous forms predominating. A faint fringe of 
pale unstained clubs surrounds the organisms. 


x2000. 


flakes, usually visible only with the aid 
of a hand lens or microscope. Press prep- 
arations of the pus in both diseases revea! 
rosettes, but in our experience these ar 
usually larger: in actinomycosis, especially 
in the bone lesions where the central mass 
of organisms is fringed by a narrow per- 
ipheral zone of radiating clubs (fig. 2). 
Smears stained by Gram’s method show 
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ge numbers of gram-positive, coccoid, 
illary, and filamentous forms of vary- 
ng lengths with occasional branching 
forms in actinomycosis, while in actino- 
bacillosis no gram-positive organisms are 
en, 
The organisms differ materially in their 
cultural and morphological characteristics. 
bovis grows only under conditions of 
reduced oxygen tension and produces fine, 
slightly raised colonies on solid media after 
i8 to 96 hours of incubation. The organ- 
ism is usually rod-shaped or filamentous, 
but .oceasionally coccoid forms, some re- 
sembling streptococci, are seen. Some dif- 
ficulty may be experienced in recovering 
the organism in pure culture from bone 
lesions. Other organisms, such as Coryne- 
hacterium pyogenes and staphylococci, are 


sometimes encountered even in_ closed 
lesions. Actinobacillus ligniéresi grows 
under aérobic conditions and _ produces 


small, bluish-grey colonies within 24 hours 
on serum agar which somewhat resemble 
the colonies of Escherichia coli. The or- 


ganism is a short, oval, nonmotile, gram- 
negative, coccobacillus which produces acid 
without gas in dextrose, sucrose, galactose, 
maltose, levulose, and mannite. Other 
sugars, such as lactose, raffinose, glycerol, 
and sometimes xylose may be acidified 
after extended incubation. Litmus milk is 
slightly acidified, but not coagulated. Dul- 
cite, rhamnose, salicin, and inulin are not 
fermented. The organism is agglutinated 
by immune serum. 

Growths of either A. bovis or Actino- 
bacillus ligniéresi are facilitated by grind- 
ing the pus in a mortar which breaks down 
the clubbed masses about the organisms. 
The more compact rosettes of actinobacil- 
losis enclose relatively few organisms and 
only a few colonies may develop unless the 
medium is very heavily seeded with well- 
triturated inoculum. The use of serum in 
agar or other medium accelerates the 
growth of both organisms, as well as others 
which require some such material for 
growth, such as Cor. pyogenes. 

Histologically, the two diseases are gran- 


TABLE |i.—Summary of Cases Diagnosed Pathologically. 


SPECIES LOCATION OF LESIONS 

ittle Cervical lymph nodes only............... 
“ Cervical lymph nodes and tongue........ 
Cervical lymph nodes, lung, peritoneum... 

Cervical lymph nodes and larynx........ 

Cervical and mediastinal lymph nodes.... 

Lung and cervical bronchial lymph nodes. 

Lung, liver and mediastinal lymph node.. 
Mediastinal lymph node only........,.... 

Skeletal lymph nodes only............... 
Peritoneum, pleura, skeletal lymph nodes. 

Buccal membrane and mass2ter muscle... . 

Frontal sinus only (mucosa)............ 
Subcutaneous only 

sheep Face and cervical lymph nodes.......... 


Lung, liver, spleen and pleura........... 


g Lung only 


‘Indicates positive cultures. 


DIAGNOSIS 
No. OF ACTINOBA- ACTINO- 
CASES** CILLOSIS MYCOSIS 
50 46 4 


**In addition to the cases listed, 7 others were examined, but, because of failure for various reasons 


reach ‘a definite diagnosis, these are not included in the summary of cases. 


ons in these cages were as follows: 


The site and nature of the 


} bovine udders—rosettes with gram-positive micrococci; cultures not obtained; tentatively diagnosed 


staphylococcosis (botryomycosis). 


1 bovine pancreas—rosettes in the presence of necrosis of the organ; cultures not obtained. 
2 eases of multiple lesions in swine (lung, liver, spleen, mammae and lymph nodes in 1 cave suggestive 
actinomycosis; liver, spleen, kidney, stomach wall and lymph nodes in 1 case suggestive of actinobaci!- 


is). 


1 salivary gland from a mule, pathologically suggestive of actinomycosis ; 


not cultured. 
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Fig. 5—A gram stain of a section of actinomycotic bone, showing myriads of coccoid and diphtheroid 
organisms surrounded by a faint halo of weakly stained clubs. «1600. 


ulomatous in character, starting as sup- 
purative processes which are eventually re- 
placed by connective tissue cells and the 
formation of granulation tissue. The tissue 
and cellular reactions are essentially the 
same and afford no means of exact differ- 
entiation. 

There is, however, a difference in the 
size of the rosettes in the two conditions. 
In the sections of actinomycotic lesions, 
the club formations are irregularly shaped 


and variable in size, and as a general rule 
are considerably larger than the uniformly 
small rosettes present in actinobacillosis 
(fig. 3). Individual clubs, which have ap 
parently broken away from the centra! 
rosettes, may be seen in either disease 
The rosettes in actinobacillosis, as a rule 
have well-defined and perhaps more pointed 
clubbed ends than those found in actino- 
mycotic lesions. 

Giant cells, sometimes containing frag 


— tn 
th 
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ments of rosettes, are usually present as 
a part of the cellular reaction in both dis- 
eases and are commonly seen surrounding 
the rosettes in the granulomatous areas of 
he lesions. As the lesions become older, 
many of the rosettes undergo calcareous 
changes. It is in this stage that actino- 
bacillosis of the cervical lymph nodes is 
more likely to be confused with tubercu- 
losis or coccidioidal granuloma. In fact, 
9 of the 20 cases of cervical actinobacil- 
losis, listed in table II, were diagnosed 
grossly as tuberculosis, and 4 of these 9 
eases were found in tuberculin reactors. 


Diagnosis was established by the absence 
of acid-fast organisms in smears or sec- 
tions and by the presence of gram-nega- 
tive organisms within the radiating clubs. 
Davies and Torrance'® have reported 2 
cases of coexistent actinobacillosis and 
tuberculosis in cattle. 

In some cases of long standing, particu- 
larly in lesions of the head, there is ex- 
tensive replacement of the granulomatous 
tissue by connective tissue, forming a 
tumor-like mass which may be mistaken 
for a fibroma. Cut and stained sections 
made from several areas of such lesions 


Fig. 6—A section of actinobacillosis in a lymph node stained by eosin and 
methylene blue, showing several clumps of short bacillary forms. Note the pointed 


club forms in the eosin-stained rosette. 


x1600. 
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often will reveal a few remaining rosettes 
in the sear tissue. 

In resorting to histologic means of diag- 
nosis, it is necessary to stain the tissue 
for the presence of organisms. In actinomy- 
cosis, the organisms are gram-positive and 
in section appear as coccoid, diphtheroid, 
or filamentous forms within the rosettes 
(fig. 4). In some instances coccoid and 
diptheroid forms are predominant (fig. 5). 
In actinobacillosis, the organisms are gram- 
negative rods and are readily demonstrable 
in comparatively limited numbers within 
the rosettes, either by the Giemsa or 
eosin-methylene-blue stain (fig. 6). Oc- 
casionally the clubbed ends of some ros- 
ettes in actinobacillosis and actinomycosis 
retain the Gram stain and may be mistaken 
for gram-positive organisms. 

At the present time, so far as the writers 
are aware, Actinobacillus ligniéresi is the 
only gram-negative organism that is asso- 
ciated in the tissues with rayed clubs re- 


sembling those of actinomycosis. This 
peculiarity alone may serve to identify 
actinobacillosis. However, the situation 


with respect to gram-positive organisms 
and actinomycosis is somewhat different. 
In the case of bone lesions with the clin- 
ical appearance of actinomycosis, diag- 
nosis based on demonstration of gram- 
positive, diphtheroid or filamentous organ- 
isms within the rayed clubs is acceptable 
in most cases, according to present knowl- 
edge. On the other hand, in the case of 
lesions with gram-positive organisms in 
other tissues, such as lung or udder, it is 
preferable to prepare cultures. It is known 
that the zoégleal masses found in botry- 
omycosis (staphylococcosis) may be sur- 
rounded by rayed clubs, as may Coccidi- 
oides immitis. The possible existence of 
still other gram-positive organisms, such as 
A. farcinicus and A. asteroides, or the 
gram-negative Actinobacillus actinoides 
and Actinobacillus actinomycetem-comitans 
(Bergey’s Manual), should not be over- 
looked. Classification of the entire Actino- 
mycetales group is in a very unsettled 
state,*4 and present indications are that 
many, rather than few, of the Actinomyces 
are pathogenic for the lower animals,*° 


As concerns the formation of hyaline 
clubs, present information considerably de- 
tracts from the conception of these form:- 
tions as part of the etiologic organism. 
Diverse species of organisms appear to in- 
duce formation of these structures. They 
seem to be a product of tissue reaction, 
rather than a part of the organisms them- 
selves. 

SUMMARY 


In 78 animals having lesions suspected 
as being either actinomycosis or actino- 
bacillosis, 68 cases were diagnosed as acti- 
nobacillosis and 11 as actinomycosis. One 
animal, as proved by cultures, showed both 
infections. The cases showing lymph node 
involvement, alone or in combination with 
other lesions, were all found to be actino- 
bacillosis. Of the 11 animals showing 
actinomycosis, 6 were bone cases and 5 
had lesions of various organs not associ- 
ated with bone or lymph node involvement. 

While the two diseases are commonly 
considered in the same category from a 
clinical point of view, technically they are 
distinct entities. Although the causative 
organisms in both diseases are capable of 
producing rosettes, they differ materially 
in their cultural and morphological char- 
acteristics. Actinomyces bovis is anaérobic 
or micro-aérophilic and is gram-positive, 
while Actinobacillus ligniéresi is aérobic 
and gram-negative. Cultural methods, when 
possible, are most desirable to differenti- 
ate. these diseases from other suppurative 
processes. Our studies indicate, however, 
that a practical differential diagnosis of 
actinomycosis and actinobacillosis can be 
made satisfactorily in many, if not most, 
instances without resorting to cultures. 
The rosettes in actinomycosis are generally 
more variable in shape and size and are 
usually larger than the uniformly smal! 
rosettes seen in actinobacillosis. 

Histologically, the two diseases show 

(Concluded on next page) 


*Breed, R. S., and Conn, H. J.: The Nomen 
clature of the Actinomycetaceae. J. Bact., iv (1919) 
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Erikson, Dagny: The Pathogenic Aérobic Or 
ganisms of the Actinomyces Group. Brit. Med 


Res. Council, Sp. Rent. Series, No. 203, (1935) 
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A Study of the Administration of Sulfanilamide to the 
Normal Dairy Cow 


ISADORE ZIPKIN, Ph.D., ARTHUR K. ANDERSON, Ph.D., and W. T. S. Thorp, D.V.M. 
State College, Pa. 


WITHIN THE LAST few years, sulfanilamide 
has been given more attention than perhaps 
any other drug in the treatment of bovine 
14.15 a few clinical 
studies of the administration of sulfanila- 
mide to the normal dairy cow have ap- 
peared in the literature. Perhaps the first 
report dealing with the elimination of sul- 
fanilamide in the milk was made by 
Schlotthauer in 1938.16 Later, Gildow, et 
al.,> made one of the most intensive studies 
of the absorption of sulfanilamide by de- 
termining its concentration in the blood 
and milk as affected by different levels of 
dosage. 

Only a study of the concentration of free 
sulfanilamide in the blood and milk has ap- 
peared in the literature. Marshall,'! how- 
ever, has shown that various animals may 
conjugate sulfanilamide as the acetyl de- 
rivative. The acetylated compound in most 
instances has been shown to be inactive. 
Hence, it was felt that the determination 
of conjugated sulfanilamide in the blood 
and milk would show a double significance. 
It would give a more accurate picture of 
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(Concluded from preceding page) 
similar tissue and cellular reactions and 
can best be differentiated by the presence 
or absence of gram-positive organisms 
within the rosettes. Clinically and post 
mortem, these diseases may be confused 
with staphylococcosis (botryomycosis), tu- 
berculosis, coccidioidal granuloma, and 
lesions produced by Corynebacterium pyo- 
gcnes or other pyogenic organisms. There- 
fo-e, laboratory examination is often neces- 
sacy for diagnosis which is_ especially 
important from the standpoints of prog- 
nosis and treatment. 


the fate of ingested sulfanilamide and, 
furthermore, might explain the inefficiency 
of sulfanilamide in many cases of mastitis. 

In view of the well-known toxic effects 
of sulfanilamide on the bone marrow of 
human subjects,* it seemed obvious that 
a study of the hemoglobin and the cellular 
constituents of the blood of dairy cows 
undergoing sulfanilamide administration 
would provide an index of the toxicity of 
the drug. 

The present investigation deals with the 
effects of different doses of sulfanilamide 
on the normal dairy cow. This study was 
approached from two viewpoints: (1) a 
study of the free and total sulfanilamide 
content of the blood and milk, and (2) its 
effect on the blood picture; namely, on the 
erythrocyte, leucocyte, and differential 
counts and the hemoglobin content. The 
term total sulfanilamide includes free sul- 
fanilamide as well as that present in the 
conjugated form. During the course of the 
investigation, a careful record was made of 
the effect of sulfanilamide on the daily 
milk production. 

EXPERIMENTS 

In this study, four Holstein-Friesian cows of 
known weight, free from mastitis and normal 
in all other respects, were chosen from the 
dairy herd of the Department of Dairy Hus- 
bandry, Pennsylvania State College. 

Blood samples were drawn from the jugular 
vein daily after the 2:00 p.m. milking period. 
It has been found that bleeding just before 
milking interferes with milk production. The 
cows were milked each day at 6:00 a.m., 2:00 
p.m., and 10:00 p.m. One one-hundredth aili- 
quots were taken at each milking period and 
pooled, and a sample was taken from the pooled 
aliquots for analysis of free and total sulfanila- 
mide. 

During the first control period, neither milk 
nor blood was analyzed for sulfanilamide, since 
previous tests had indicated that normal blood 
and milk give no color with the reagents used 


in the determination of sulfanilamide. During 
the first experimental period, the sulfanilamide 
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was administered in half-ounce gelatin capsules 
with a balling gun in 2 equal doses at 12-hour 
intervals, at 9:00 a.m. and at 9:00 p.m. Since 
the second level of dosage necessitated the use 
of a large number of capsules, it was found 
advisable, during the second experimental peri- 
od, to administer the sulfanilamide by drench- 
ing. The administration of sulfanilamide was 
discontinued during the fourth period of the 
investigation, designated as the final control 
period. Milk samples were taken daily until 
both free and conjugated sulfanilamide could 
no longer be detected in them. Blood samples 
also were drawn daily until the hemoglobin 
values and the cell counts had returned to 
normal. At the conclusion of the investigation, 
the animals were weighed to determine the loss 
in weight following the use of sulfanilamide. 
Free and total sulfanilamide were determined 


water. For each determination, 200 cells 
were counted, 100 from each of two dup- 
licate slides. 

A summary of the plan of the investiga- 
tion is given in table I. It was necessary 
to modify the original plan to prevent over- 
dosage, as explained in the following sec- 
tion. 

PRESENTATION OF DATA 

Four cows, 184, 186, 204, and 239, were 
chosen for this investigation. Since the 
results obtained on the different cows were 
in reasonable agreement, only the data for 
two animals, cows 184 and 204, are pre- 
sented. 


DOSAGE PER DAY 


PER 100 LB. 
BODY WEIGHT 


PERIOD 


DETERMINATIONS 
MADE ON MILK 


DETERMINATIONS 
MADE ON BLOOD 


Erythrocyte count 
Leucocyte count 


Initial control July 10-21, 1939 None Differential count None 
Hemoglobin 

First experimental July 24-31, 1939 5 Gm. } 
| Erythrocyte count 
| Leucocyte count 

Second experimental July 31-Aug. 7, 1939 10 Gm. | Differential count Free sulfanilamide 
“Hemoglobin Total sulfanilamide 
| Free sulfanilamide 

Final control Aug. 7-18, 1939 None oe sulfanilamide 

in a laked blood filtrate, according to the During the course of this investigation, 


method of Marshall.’ With a slight modifica- 
tion, the method was adapted for the determi- 
nation of the above in milk; water was used as 
the diluent instead of saponin solution. In all 
other respects, the procedure was identical for 
both blood and milk. The procedure for de- 
termining both free and total sulfanilamide is 
the same except that in the latter, an aliquot 
of the blood or milk filtrate is first hydrolyzed. 
The results for both are given in milligrams 
per 100 cc. of sulfanilamide. 

Erythrocyte and leucocyte counts were 
made in duplicate in the usual manner. 
Hemoglobin was determined by the acid 
hematin method of Newcomer,'* using a 
standard color plate. All colorimetric 
readings were made in daylight. For the 
differential count, Wright’s stain was em- 
ployed, a phosphate buffer of pH 7.0 being 
used as the diluent in place of distilled 


it became evident that the original plan of 
the investigation as outlined in table | 
could not be followed, since the animals re- 
acted unfavorably to the drug. In every 
case, the cows went off feed at some period 
during the study. The administravion of 
sulfanilamide was then discontinued for a 
period and instituted again as indicated on 
the graphs in fig. 1. Symptoms which 
necessitated discontinuance of the drug 
were a slightly inflamed udder, diarrhea, 
and a general unfavorable systemic appear- 
ance. The cows did not ruminate, were 
listless, and seemed to be in a state of gen- 
eral malaise. It is possible that the diar- 
rhea was due in part to the ration, since 
freshly cut soybean forage and Sudan grass 
were fed during the period when ‘he 


TABLE |.—Showing the Plan of the Investigation 
te rat 2) 
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diarrhea was noticed. Refusal of the feed 
for more than one day was considered suf- 
ficient cause to discontinue the administra- 
tion of sulfanilamide. 

A.—Concentration of Total, Conjugated, 
id Free Sulfanilamide in the Blood and 
\ilk.—The concentration of total, con- 
igated, and free sulfanilamide in the blood 
nd milk following administration of the 
drug is presented in fig. 1. The concentra- 
tion of the conjugated or acetylated sul- 
fanilamide was calculated by taking the 
difference between the values representing 
total and free sulfanilamide. The lower 
level of dosage, 5 Gm. per 100 pounds of 
body weight daily, is referred to as the 
first dosage, and the higher level is called 
the second dosage. The legend for the 
curves in parts A and C of fig. 1 also refers 
to parts B and D, for the same animals re- 
spectively. 


On the low level of dosage, the maximum 


concentration of total sulfanilamide in the 
blood of cow 184 was found to be 6.5 mg. 
per 100 ce., whereas in the milk of the same 
animal, a concentration of 12.7 mg. per 100 
ce. was reached. At first glance, it seems 
strange that the concentration of total sul- 
fanilamide in the milk should exceed that 
in the blood. An examination of the par- 
tition of total sulfanilamide, however, 
shows that about twice as much of the con- 
ugated form is present in the milk as in 
the blood. In the blood, a maximum concen- 
tration of 2.4 mg. per 100 cc. of conjugated 
sulfanilamide was found, representing 37 
per cent of the total sulfanilamide, 
vile in the milk, 8.8 mg. per 100 cc. 
re conjugated, representing 69 per cent 

f the total sulfanilamide. On the same 
«rel of dosage, the free sulfanilamide dis- 
(buted itself approximately equally in the 
».ood and milk, 4.7 mg. per 100 cc. being 
‘une maximum found in the blood, and 4.2 
mg. per 100 ec., the maximum found in the 
milk. 

On the high level of dosage, however, it 
vas surprising to note that sulfanilamide 
vas present in the blood almost wholly in 
the free form. A maximum concentration 
f free sulfanilamide of 17.5 mg. per 100 


cc. was reached in the blood of cow 184. 
Despite the fact that little conjugated sul- 
fanilamide could be found in the blood on 
the high level of dosage, a large amount was 
present in the milk. A maximum concen- 
tration of total sulfanilamide in the milk 
of 27.4 mg. per 100 cc. was reached. For 
the same day, the milk showed a concen- 
tration of conjugated sulfanilamide of 15.4 
mg. per 100 cc., representing 56 per cent 
of the total sulfanilamide. The free sul- 
fanilamide was found to reach a concentra- 
tion of 12.0 mg. per 100 ce. 

It will be noted that, in general, the con- 
centration of free sulfanilamide in the milk 
did not exceed that in the blood on either 
level of dosage. From this it would appear 
that the passage of the unconjugated com- 
pound from the blood into the milk could 
be accounted for on the basis of diffusion. 
However, when one examines the data on 
conjugated sulfanilamide, it is more diffi- 
cult to explain how the concentration in the 
milk is higher on both levels of dosage than 
that in the blood. Obviously, diffusion is 
not the complete answer. It is still more 
difficult to explain why on the high level of 
dosage there is so little conjugated sul- 
fanilamide in the blood, when the concen- 
tration in the milk is high. 

It should be pointed out that in this 
study no attempt has been made to deter- 
mine the nature of the conjugated com- 
pound. Marshall’! has found that, in 
animals where conjugation occurs, the con- 
jugated compound is the acetyl derivative, 
and we have assumed that this is the case 
in this study. However, it would seem pos- 
sible that many compounds other than 
acetic acid in the blood and milk might 
combine with sulfanilamide. Marshall" 
has also stated that conjugation takes place 
mainly in the liver. The results obtained 
in this study might be interpreted by as- 
suming that the mammary gland also has 
the ability to conjugate sulfanilamide. It 
would appear possible that the conjugated 
compound in the milk may not be the same 
as that in the blood. Since milk has quite 
a different composition from that of blood, 
it is possible that, in the milk, sulfanila- 
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Fig. |—The effect of sulfanilamide administration on the concentration of total, conjugated and free 


sulfanilamide in the blood and milk. 
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le is conjugated with some constituent 
no. found in the blood. An example of such 
a »oossibility would be the formation of a 
giicoside complex with lactose. If such 
compounds were formed, it would not be 
di jicult to explain the high concentration 
of conjugated sulfanilamide in the milk. 

The low concentration of conjugated sul- 
fanilamide in the blood on the high level 
of dosage might be accounted for in two 
ways: (1) the concentration of free sul- 
fanilamide in the blood on the high level 
of dosage may be sufficient to injure the 
liver tissue and thus interfere with its con- 
ugating function, and (2) it is possible 
that with long continued administration, 
the compound in the blood which normally 
conjugates with it may be depleted. In 
that case it would be expected that no more 
conjugation weuld take place. 

It would be interesting to attempt to iso- 
late the conjugated derivatives from blood 
and milk and determine their nature. With 
this information, it should be possible to 
give a more satisfactory explanation of the 
high concentration of conjugated sulfanila- 
mide in the milk. F 

With the advent of sulfanilamide, it was 
hoped that it would prove to be a valuable 
therapeutic agent in the treatment. of 
mastitis. The high concentrations of total 
sulfanilamide found in the milk in this 
study would appear to favor the use and 
efficacy of the drug in this condition. It 
should be noted, however, that the greater 
proportion of sulfanilamide in the milk 
exists in the conjugated form, which has 
been shown to be therapeutically inactive. 
It has also been shown that free sulfanila- 
mide tends to distribute itself equally in 
the blood and milk, in levels therapeu- 
tically effective in many cases of strepto- 
coccie infectiuns. Since many cases of 
mestitis do not respond to sulfanilamide 
therapy, and since the concentration of the 
drig in both the blood and milk is suffi- 
cient for other therapeutic uses, it would 
apoear that the organisms responsible for 
m:stitis are not particularly sensitive to 
su fanilamide. 

‘hree days were required for the free 
su fanilamide to disappear from the blood 


and milk of animal 184 following the last 
dose. An additional day was required for 
the conjugated compound to disappear com- 
pletely from the blood and milk. 

The daily milk production during the ex- 
perimental and the final control periods is 
also presented in fig. 1B and 1D, to show 
the correlation between the milk flow and 
the concentration of sulfanilamide in the 
milk. As is particularly well illustrated in 
fig. 1D, the milk production varied inversely 
with the concentration of sulfanilamide in 
the milk. The milk flow returned to normal 
slowly, a maximum recovery of 83 per cent 
being observed in cow 184, 11 days after 
the final dose. 

Similar resuits have been obtained for 
cow 204, except for the reduction in milk 
flow. A maximum reduction of 78 per cent 
was found in this animal, as compared with 
a 38 per cent reduction for animal 184. It 
should be remembered, however, that the 
same plan of dosage was not followed for 
both animals, as indicated in fig. 1A and 
1C. 

B.—Cellular Constituents of the Blood. 
The effect of the administration of sul- 
fanilamide on the cellular constituents of 
the blood, namely, the red and white cell 
count and the differential count, is pre- 
sented in fig. 2. The hemoglobin value is 
also presented here to show its correlation 
with the erythrocyte count. To conserve 
space, only the data for cow 184 are pre- 
sented. Normal values were determined 
for a period of 10 days preceding the ex- 
perimental periods. The average value for 
the hemoglobin content and the cellular 
constituents of the blood is indicated in the 
graphs in fig. 2 by the straight lines desig- 
nated “average normal.” The administra- 
tion of sulfanilamide is indicated by the 
arrows under the lymphocyte curve in the 
bottom graph of fig. 2 and applies to all 
the curves in the same figure. Since only 
the neutrophile and lymphocyte counts of 
the differential counts showed any signifi- 
cant variation from the normal, they alone 
are presented in fig. 2. 

During the initial control period, an 
average hemoglobin value of 9.80 Gm. per 
100 ce. of blood was obtained. On the low 
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level of dosage, a slight increase in the 
hemoglobin was produced. On the high level 
of dosage, however, a decreasing trend was 
noted which reached a minimum of 7.89 
Gm. per 100 cc., representing a decrease 
of 19 per cent from the normal value for 
animal 184. 

A normal erythrocyte count of 6,700,000 
per cubic millimeter of blood was obtained. 
During the experimental periods, the ery- 
throcyte response closely paralleled the 
hemoglobin values as indicated in fig. 2. 


‘HEMOGLODIN 


\_AVERAGE NORMAL 


GRAMS PER MLS 


“ERYTHROCYTE ‘COUNT: 


AVERAGE NORMAL 


LEUCOCYTE: COUNT: 


3 Was AVERAGE NORMAL 
7 


MILLIONS PER MM? 


THOUSANDS PER MM? 


70 NEUTROPHILE COUNT: 


AVERAGE NORMAL 
«LYMPHOCYTE ‘COUNT, 
7° 
6or AVERAGE NORMAL 


PERCENT 


PERCENT 
8 


20 F ony PER Cay 


JULY AUGUST 


Fig. 2—The effect of sulfanilamide administration on 
the hemoglobin values and the blood cell counts. 


The lowest value noted was 5,220,000 cells 
per cubic millimeter, representing a reduc- 
tion of 22 per cent from the normal. 
The normal leucocyte count for cow 184 
was found to be 8,200. On the low level 
of dosage, a mild leucocytosis was produced. 
When the high level of dosage was insti- 


tuted, there was a marked reduction in the 
leucocyte count. The response was rapid, 
a definite leucopenia being produced which 
reached a minimum of 3,960 per ‘cubic 
millimeter of blood, representing a reduc- 
tion of 52 per cent from the normal. After 
the dosage was discontinued, the leucocyte 
count rapidly returned to normal. 

The normal differential count presented 
in the following table is the average of 
nine counts of 200 cells each made on cow 
184 during the control period, representing 
an average based on 1,800 cells. No dis- 
tinction was made between small and large 
lymphocytes, and the monocytes also in- 
cluded the so-called transitional cells. 


TABLE |!.—Showing Differential Leucocyte Count Dur- 
ing the Initial Control Period 


PER CENT Tora. 
0 0 
Divided lymphocytes ......... 1 82 


The only significant change due to the 
administration of sulfanilamide was found 
in the proportion of neutrophiles and lym- 
phocytes. There was a definite increase in 
the number of neutrophiles, which reached 
a maximum value of 69 per cent. As was 
to be expected, the lymphocyte count varied 
inversely with the neutrophile count. A 
definite lymphopenia was produced, reach- 
ing a minimum value of 31 per cent. 

During the high level of dosage, atypical 
and degenerated leucocytes appeared in the 
blood: These include monocytes with a 
lobulated nucleus, large atypical monocytes, 
and lymphocytes in various stages of dis- 
integration. The significance of these cells 
is not known. The blood studies were con- 
tinued after sulfanilamide administration 
was discontinued until approximately nor- 
mal results were obtained, at which point 
the investigation was concluded. 

The normal values for cellular coun's 
and hemoglobin presented in this paper are 
in close agreement with those reported in 
the literature.’ 

The animals were weighed at the concl'!- 
sion of the study and showed an average 
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loss in weight of 8.6 per cent, as repre- 
sented in table III. 


TABLE Ill—Loss of Weight Following Ingestion of 
Sulfanilamide 


WT. BEFORE 
JuLy 20 


WT. AFTER 
Ava. 7 


SUMMARY 


Four normal Holstein-Friesian cows were 
viven sulfanilamide on two levels of dos- 
age, 5 and 10 Gm. per 100 pounds of body 
weight per day. A study was made of the 
concentration of free and conjugated sul- 
fanilamide in the blood and milk. In addi- 
tion, a study was made of the hemoglobin 
values and the blood picture, namely, the 
erythrocyte, leucocyte, and _ differential 
counts. 

On the low level of dosage, 69 per cent 
of the total sulfanilamide found in the milk 


was present as the conjugated compound, 
whereas, 37 per cent was present in the 


blood as the conjugated derivative. On the 
high level of dosage, 56 per cent of the 
total sulfanilamide was conjugated in the 
milk, whereas, little conjugated sulfanila- 
mide could be detected in the blood on the 
same level of dosage. Free sulfanilamide 
distributed itself approximately equally in 
the blood and milk on both levels of dosage. 


A slight anemia was produced, with a 
maximum reduction in the erythrocyte 
unt and in the hemoglobin value of about 
' per cent. On the low level of dosage, 
slight leucocytosis was observed, while 
n the high level of dosage, a marked 
leucopenia was produced, representing a de- 
ease in leucocytes of 60 per cent. A de- 
ded increase in percentage of neutrophiles 
was noted. In addition, atypical and degen- 
rated leucocytes were found in the blood 
iring the height of sulfanilamide adminis- 
tration. 
The milk production was found to vary 
nversely with the excretion of sulfanila- 


mide in the milk. The milk flow was re- 
duced by as much as 82 per cent. 

An average decrease in weight of 8.6 per 
cent resulted from the ingestion of sulfanil- 
amide. 

Individual differences in tolerance 
towards sulfanilamide were noted in the 
cows throughout the course of this study. 
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Cow Loss Loss 
LB. LB. LB. 
{ 1,240 1,150 90 7.3 
1.265 1.200 65 
{ 1,250 1,090 160 12.8 
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Studies on the Production of Specific Antibodies Against 
the Agent of Fowl Leucosis 


C. D. LEE, D.V.M., M.S. 


Ames, Iowa 


IN 1935, Uhl, Englebreth-Holm, and Roth- 
meyer! were able to inhibit the activity of 
the fowl leucosis agent by sera from ducks 
previously injected with blood from chick- 
ens affected with fowl leucosis. 

The experiments here reported were 
made in an attempt to study further the 
behavior of the causative agent of the fowl 
leucosis complex and the interrelation of the 
various types of this complex. The experi- 
mental data reported have been accumulated 
over a three-year period and consequently 
not all of the experiments conducted are 
reported here. The charts and reported 
experiments are confined to those appearing 
to have experimental significance. Refer- 
ence to literature on the fowl leucosis com- 
plex is omitted, but can be found in articles 
published previously. 

One-year-old ducks were used in these 
experiments as they are generally regarded 
as nonsusceptible to the fowl leucosis com- 
plex. Adult turkeys were also used because 
of the ease in securing quite large quanti- 
ties of blood or serum. While a few cases 
of fowl leucosis have been reported in 
turkeys, the occurrence is so rare that one 
must regard that species as only slightly if 
at all susceptible. In all, 12 ducks and 12 
turkeys were employed. 

The ducks and turkeys were immunized 
by means of 15 intramuscular injections of 
4 cc. each during the course of 30 days with 
blood from chickens suffering from myeloid 
leucosis. After the last injection, the im- 
munized birds were bled at 10-day intervals. 
In order to maintain the possible antibody 
concentration, injections of 4 cc. of leucosis 
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A.: On Production of Specific Antibodies against 
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chicken blood were made every 14 days. 
Routine differential blood smears were 
made daily on all injected birds. There was 
no change in the blood picture at any time. 


The immunized birds were bled and the 
blood allowed to coagulate at room tempera- 
ture. The clot was then broken, the samples 
centrifuged, and the serum collected. The 
serum was heated to 55 C. for 45 minutes 
and stored at —10 C. for subsequent use. 
Serum has been held for 10 months with- 
out any apparent change. 

Tests for possible inhibitor content were 
as follows: Twenty parts of duck or turkey 
serum, either individual or pooled samples, 
from immunized birds were mixed with | 
part of oxalated blood from chickens suffer- 
ing from myeloid leucosis. For controls, 20 
parts of physiological saline were mixed 
with 1 part of the same leucosis material. 
The mixtures were placed in an incubator 
at 37 C. for 2 hours so that any binding of 
immune serum with affected material might 
take place. 


The infective agent and serum, or infec- 
tive agent and physiological saline were 
injected intracardially into 6-week-old sus- 
ceptible chicks secured from our own breed- 
ing flock. The inoculated groups were 
placed in isolated colony houses equipped 
with screen porches. Suitable uninoculated 
controls “for all inoculated groups were 
established from birds that were full broth 
ers or sisters. of the inoculated groups. 

From the results of experiment I, im- 
mune duck serum neutralized the infective 
agent of the myeloid type of fowl leucosis in 
oxalated chicken blood from fowl leucosis 
chickens, the positive birds in the inoculated 
controls being above 80 per cent. The un 
inoculated controls remained free from th« 
disease during the 10-month period. Ther: 
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EXPERIMENT I 


INOCULUM No. OF DOSAGE LENGTH OF 
CHICKS EXPERIMENT 


ce, Oxalated leucosis chicken blood 0.2 ce. 
plus 5 w Intracar- 10 months 
{ cc. Immune serum (duck) (Individual sample) old dially 


[N\OCULATED CONTROLS 


INOCULUM No. OF DOSAGE LENGTH OF 
CHICKS EXPERIMENT 

0.2 ce. Oxalated leuccsis chicken blood 0.2 ec. 
plus y Intracar- 10 months 

{ cc. Physiological saline solution dially 


EXPERIMENT II 


INOCULUM No. OF LENGTH OF 
CHICKS DOSAGE EXPERIMENT 

0.2 ec. Oxalated leucosis chicken blood 0.2 ce. 
plus 5 Ww Intracar- 10 months 

4 cc. Immune serum (turkey) (Pooled sample).. dially 


[INOCULATED CONTROLS 


INOCULUM No. oF DOSAGE No. OF LENGTH OF 
CHICKS TAKES EXPERIMENT 


).2 ee. Oxalated leucosis chicken blood 0.2 ec. 
plus 5 Ww Intracar- 14 10 months 
{ cc. Physiological saline solution dially 


EXPERIMENT III 


INOCULUM No. OF DOSAGE No. OF LENGTH OF 
CHICKS TAKES EXPERIMENT 

0.2 ee. Centrifuged plasma leucosis chicken blood 20 0.2 cc, 
plus 6 weeks _ [ntracar- 10 months 

4 cc. Immune serum (duck) (Individual sample) old dially 


INOCULATED CONTROLS 
INOCULUM No. -OF DOSAGE No. OF LENGTH OF 


CHICKS TAKES EXPERIMENT 


ce. Centrifuged plasma leucosis chicken blood. 20 
plus 6 weeks Intracar- 16 10 months 


4 -c, Physiological saline solution : dially 
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seemed to be no comparable difference be- 
tween immune turkey serum and duck 
serum as shown in experiment II. 

From results in experiment III, immune 
duck serum inhibited or neutralized the 
free leucosis agent as contained in recentri- 
fuged blood plasma of blood from a bird 
with myeloid leucosis. The uninoculated 
controls remained free from fowl leucosis 
during the 10-month period. 

This experiment using turkey serum was 
quite comparable to that in which duck 
serum was used. 

In experiment IV, 0.1 cc. of blood from a 
bird suffering from myeloid leucosis was 
drawn directly into a syringe containing 2 
cc. of immune turkey serum or physiological 
saline solution. The solutions were mixed 
and inoculated into chicks immediately, 
without allowing incubation of the mixture 
for time of binding. From results of this 
experiment, immune turkey serum was able 
to inhibit or neutralize not only the cell- 
free agent but the cell-bound agent as well. 
The use of sodium citrate, heparin or po- 
tassium oxalate solutions as anticoagulants, 
as used in experiment I, has no detrimental 
effect on affected blood used in experiments. 

To determine whether the same inhibi- 
tory or neutralizing effect could be achieved 
for lymphoid forms of the fowl leucosis com- 
plex, the following experiments were con- 
ducted. 

Ducks and turkeys were injected in the 
same manner and with the same dosage and 
number of inoculations, using a 1: 1,000 
saline tissue extract of an ischiatic nerve 
of a pronounced case of neurolymphomato- 
sis, or neural type of the fowl leucosis com- 
plex, and a Berkefeld filtrate of the same 
tissue. The filtrate was passed through a 
Berkefeld N filter at a pressure of 381 mm. 
of mercury. 

Nerve tissue was used as there is a quite 
general agreement as to transmissibility 
of this form. The ducks and turkeys were 
bled at the same periods as in the case of 
myeloid leucosis experiments, and the serum 
was treated as mentioned in the previous 
experiments. 


The results obtained in experiment V jn- 
dicate that the causative agent of the neura! 
type of the fowl leucosis complex was neu- 
tralized or inhibited by serum from ducks 
injected with tissue extract from an af- 
fected nerve. Similar results were ob- 
tained with serum from injected turkeys. 

Results of experiment VI indicate that 
serum from turkeys immunized with the 
lymphoid type of fowl leucosis was able to 
inhibit or neutralize the agent of lymphoid 
leucosis in a cell-free Berkefeld filtrate of 
the neural type of the fowl leucosis com- 
plex. The uninoculated controls of experi- 
ments V and VI remained free from infec- 
tion during the 12-month duration of the 
experiment. 

In order to determine whether cross im- 
munity or inhibitory effect could be 
achieved between myeloid leucosis and neu- 
rolymphomatosis gallinarum, 0.2 cc. of ox- 
alated blood from a chicken suffering with 
myeloid leucosis was mixed with 4 cc. of 
serum from ducks that had been given 15 
intramuscular injections of 4 cc. each of 
tissue extract from a nerve of a case of 
neurolymphomatosis gallinarum. The mix- 
ture was placed in the incubator at 37 C. 
for 2 hours and then inoculated intracardi- 
ally into 5-week-old chicks. 

The results of experiment VII indicate 
that immune serum from ducks, produced 
by a series of injections with nerve tissue 
from neurolymphomatosis gallinarum 
lesions, was able to inhibit or neutralize the 
infective agent of the myeloid leucosis type 
of the fowl leucosis complex, as well as the 
infective agent of neural types of fowl 
leucosis. The uninoculated control chicks 
in this experiment remained free from the 
disease. 

Results of experiment VIII show that the 
serum of ducks, and the same was true of 
turkeys, capable of neutralizing the agent 
of myeloid leucosis was also able to inhibit 
or neutralize the infective agent of neuro- 
lymphomatosis gallinarum contained in 
tissue extract. 

In order to determine whether normal 
duck or turkey serum might contain an in- 
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EXPERIMENT IV 


INOCULUM No. OF DOSAGE No. OF LENGTH OF 
Cuicks TAKES EXPERIMENT 


1 ce. Freshly drawn leucosis chicken blood 10 0.2 cc. 
phis 6 weeks Intracar- 10 months 
cc, Immune serum (turkey) (Individual sample) old dially 


[INOCULATED CONTROLS 


INOCULUM No. OF DOSAGE No. OF LENGTH OF 
CHICKS TAKES IEXPERIMENT 


1 cc. Freshly drawn leucosis chicken blood 10 0.2 ce. 
plus 6 weeks Intracar- 10 months 
ce. Physiological saline solution dially 


EXPERIMENT V 


No. OF . OF LENGTH OF 
INOCULUM CHICKS DOSAGE EXPERIMENT 

2 cc. Nerve tissue (extract) 20 0.2 cc. 
plus 5 weeks Intracar- 12 months 

ce. Immune serum (duck) (Pooled sample).... old dially 


NOCULATED CONTROLS 


No. OF No. OF LENGTH OF 
INOCULUM CHICKS DOSAGE TAKES EXPERIMENT 


2 ec. Nerve tissue (extract) 20 0.2 ce. 
plus 5 weeks Intracar- 12 months 


ce. Physiological saline solution. ‘ old dially 


EXPERIMENT VI 


INOCULUM No. OF No. OF LENGTH OF 
CHICKS DOSAGE TAKES EXPERIMENT 

, ec. Nerve tissue (Berkefeld filtrate) 20 0.2 ec. 
plus 8 weeks Intracar- 12 months 

c. Immune serum (turkey) (Pooled sample).. old dially 


\OCULATED CONTROLS 


No. OF No. OF LENGTH OF 
INOCULUM CHICKS DOSAGE TAKES EXPERIMENT 

ce. Nerve tissue (Berkefeld filtrate) 0.2 ce. 
plus . Ww ‘ Intracar- 12 12 months 

c. Physiological saline solution dially 
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EXPERIMENT VII 

No. OF 

INOCULUM CHICKS 
0.2 ec. Oxalated myeloid leucosis blood.......... 20 

plus 

4 cc. Immune serum from ducks immunized by 5 weeks 

lymphoid leucosis (Pooled sample)............ old 


INOCULATED CONTROLS 


No. OF 


INOCULUM CHICKS 


0.2 ec. Oxalated myeloid leucosis blood........... 20 
plus 5 weeks 
4 cc. Physiological saline solution................ old 
EXPERIMENT VIII 
No. or 
INOCULUM CHICKS 
plus 
4 cc. Immune serum from ducks immunized by 6 weeks 


myeloid leucosis material (Pooled sample)..... old 


INOCULATED CONTROLS 


No. OF 


INOCULUM CHICKS 


plus 6 weeks 


4 cc. Physiological saline solution................ eld 


EXPERIMENT IX 
No. OF 


INOCULUM CHICKS 


0.) ec. Myeloid leucosis 10 
plus 
2 cc. Oxalated blood from hens that survived in- 6 weeks 


INOCULATED CONTROLS 


No. OF 
INOCULUM CHICKS 


0.1 ec. Myeloid leucosis plasma................... 10 
plus 6 weeks 
9 


DOSAGE 
0.2 ec. 


Intracar- 
dially 


DOSAGE 
0.2 ce. 
Intracar- 
dially 


DOSAGE 
0.2 cc. 


Intraperi- 
toneally 


DOSAGE 
0.2 ce. 
Intraperi- 
toneally 


DOSAGE 
0.2 cc. 


Intracar- 
dially 


DOSAGE 


0.2 cc. 
Intracar- 
dially 
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No. OF LENGTH or 


TAKES EXPERIMENT 
4 12 months 
No. OF ILENGTH OF 
TAKES EXPERIMENT 
16 12 months 
No. OF LENGTH 0! 
TAKES EXPERIMEN 1! 
5 12 months 
No. Of LENGTH OF 
TAKES EXPERIMENT 
12 12 months 


No. oF LENGTH OF 


TAKES EXPERIMENT 
2 12 months 
No. OF LENGTH 0! 
TAKES EXPERIMEN |! 
7 12 month 
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hibitor for the fowl leucosis agent, 1 part of 
levcosis blood frem myeloid leucosis chick- 
ens was mixed with 20 parts of normal 
duck serum 2nd no:mal turkey serum. The 
mixture was inoculated intracardially in 
0.2 ee. doses into &-week-old susceptible 
chicks. The normal, untrected serum did 
not manifest any neutralizing or inhibiting 
power, as 70 per cent of the inoculated 
chicks died or showed blood smears indica- 
tive of myeloid leucosis. 

Turkeys and ducks were also injected 
with the same number of injections and in 
the same way as previously, except that nor- 
mal hen serum was used. Twenty parts of 
the serum from the ducks and turkeys were 
mixed with one part oxalated blood from 
chickens suffering from myeloid leucosis 
and inoculated intracardially in 0.2 ec. doses 
into 6-weeks-old susceptible chicks. The 
serum from ducks or turkeys treated in this 
way had no inhibitory power against the 
fowl leucosis agent. 

In nearly all transmission experiments of 
fowl leucosis, some birds survive the in- 
oculation and may survive several inocula- 


tions with leucosis infective material. In 
order to determine whether survivors of 
transmission experiments carried an _ in- 


hibitor to the agent, the blood of six hens 
from an inoculated group in another experi- 
ment were bled. The birds had been in- 
oculated with material of neurolymphoma- 
tosis and represented the fifth passage of 
our strain number 11. The experiment was 
of 14 months duration when the birds were 
utilized. 

ixperiment IX indicates that blood from 
hens that had survived injections of the 
agent of fowl leucosis and had resisted re- 


AGENT OF FOWL LEUCOSIS 


341 


peated injections of the material, inhibited 
or neutralized the agent of fowl leucosis. 
This might possibly be true in spontane- 
ously recovered cases, <ni it is quite pos- 
sible that some birds become affected and 
never show definite symptoms. 


CONCLUSIONS 

1) Immunization of ducks and turkeys 
by repeated injecticns of leucosis material 
produced a serum capable of inhibiting or 
neutralizing the infective agent or infective 
power of leucosis cells. 

2) The immune serums from ducks and 
turkeys not only neutralized the cell-free 
agent but the cell-bound agent as well. 

3) Immune serums from ducks injected 
with myeloid leucosis blcod were also able 
to inhibit or neutralize the agent of the 
neural type of the fowl leucosis complex. 

4) Serums from ducks injected with the 
neural type of fowl leucosis were able to 
inhibit the development of the myeloid 
leucosis type. 

5) Neutralization of the agent of one 
type or form of the disease by duck or 
turkey serum produced by a series of injec- 
tions of infectious material from lesions of 
a different form or type of the complex 
more closely indicates the possibility of a 
single etiology. 

6) Blood from turkeys or ducks that 
were not injected with material from cases 
suffering from the fow] leucosis complex did 
not contain inhibitors for the agent of fowl 
leucosis. 

7) The blood from recovered birds or 
from birds that failed to take when inocu- 
lated with viable material was able to neu- 
tralize the agent of fowl leucosis. 
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Studies on the Etiology and Pathology of Calf Pneumonia 


W. T. S. THORP, D.V.M., M.S.; J. F. SHIGLEY, D.V.M.; and M. A. FARRELL, Ph.D. 
State College, Pa. 


MOST OF THE EARLY work on calf pneu- 
monia was associated with studies on calf 
scours. Hagen! in 1917 reported a case of 
bronchopneumonia associated with scours 
and joint lesions. Carpenter and Gilman” 
studied the etiology of the disease as a 
separate entity. Smith", and Hallman, Sholl 
and Delezt described lesions of a fetal 
pneumonia associated with Brucella abortus 
infections. Thorp and Hallman’ in 1939 re- 
ported bacteriological findings similar to 
those obtained by Carpenter and Gilman. 
Sanders® in 1940, described an enzodtic 
bronchopneumonia occurring among calves 
in Florida. He attributed these cases to 
Pasteurella infection. It is evident from 
the above studies that there is a lack of 
agreement regarding the etiologic agent of 
calf pneumonia. For this reason, as well as 
the persistent occurrence of this disease in 
some of the large dairy herds in this sec- 
tion, a further study of calf pneumonia 
was undertaken. 
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MATERIALS AND METHODS 


The materials used for this work were ob- 
tained from 28 cases of calf pneumonia brought 
to the animal pathology laboratory for autopsy 
during the last two years. Eighteen of the 
cases were killed and examined post mortem, 
immediately, the rest in from one to three 
hours after death. Portions of tissue were saved 
from the various lobes, depending upon the ex- 
tent of pneumonia. All tissues were fixed in 
Zenker’s solution, embedded in paraffin, and sec- 
tions seven microns thick were stained routinely 
with hematoxylin and eosin. Heidenhain’s mod- 
ification of Mallory’s aniline blue stain was 
used in several instances as a differential stain. 
Three series of serial sections were prepared 
from previously sectioned material. 

Bacteriological studies were made on 24 of 
the cases which came for autopsy. From these 
cases, 112 primary isolations from the lungs, 
bronchial lymph nodes, and heart blood were 
made on blood agar, prepared by adding 10 per 
cent bovine blood to a veal infusion base pre- 
pared in the usual manner. For subcultures, 
chocolate agar and blood agar supplemented 
with either vegetable or yeast extract were 
used. The pH of these mediums was adjusted 
to 7.4 to 7.6. Sterilization was at 120 C. for 20 
minutes. Yeast and vegetable extracts as well 
as blood were added aseptically after steriliza- 
tion. 


BACTERIOLOGY 


The morphology and serology of the cul- 
tures isolated in this study indicates that 
the bacteria found may be divided into two 
groups as follows: (1) gram-negative non- 
motile rods; and (2) pleomorphic gram- 
variable coccobacilli. The organisms in 
these two groups occurred singly and in 
combination with each other. 

The first group, comprised of 70 cultures 
of gram-negative rods, was encountered 
more frequently than the second, being 
present in pure culture in five of the calves 
examined, and associated with other organ- 
isms in 14 of the calves. In most instances, 
the growth from primary isolations after 
24 hours incubation on blood agar was 
scant, the colonies were small and dew-drop 
in appearance. After 48 hours, the colonies 
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Fig. |.—Lungs from a typical case of calf pneumonia of two weeks duration. 
Note the extent of pneumonia in the diaphragmatic, apical, and cardiac lobes 
and the enlarged bronchial lymph node. ('/4 actual size). 


spread and joined each other and formed a 
watery colony covering much of the surface 
of the plate. The consistency of the colonies 
was quite tenacious, a characteristic which 
increased with the age of the culture. This 
group of organisms grew better on choco- 
late blood agar, forming fine bead-like 
colonies which later became a grayish-white 
tenacious mass. It was noted that the 
longer these cultures were maintained on 
artificial culture mediums the greater the 

ndency for such slimy, tenacious colonies 
‘o appear earlier during growth. Both 

‘ast and vegetable extract stimulated the 
erowth of most of these cultures. Gram’s 
stain of primary isolations showed gram- 


negative straight and curved rods with 
many continuous filaments and_ short 
coccoidal forms (fig. 5). These filamentous 
forms frequently covered the entire di- 
ameter of the microscopic field (fig. 6), but 
in subcultures showing an early develop- 
ment of tenacious growth, these filaments 
did not appear. On account of the dif- 
ficulty encountered in culturing these 
organisms, biochemical characteristics were 
not readily determined. Two cultures in 
this group formed some indol, but no re- 
action was noted in serum-sugar broths or 
litmus milk to which blood had been added. 
Two cultures in this group were somewhat 
pathogenic for guinea pigs, rabbits, and 
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mice, producing some congestion of the 
lungs in four days when given intranasally 
and intratracheally in the rabbit (fig. 6). 

The second group of bacteria, which con- 
sisted of 26 cultures, comprising the pleo- 
morphic gram-variable coccobacilli were 
slow-growing organisms (fig. 7). 

They produced small, clear, moist colonies 
which did not become especially tenacious; 
they did not produce indol and were non- 
pathogenic for calves, rabbits, guinea pigs 
and mice when given intranasally and intra- 
tracheally in proportionate amounts. The 


’ 


to act upon special mediums used for dif 
ferentiating bacteria. Growth definite) 
occurred in those mediums to which blood 
had been added. No action was demon- 
strated on lactose, maltose, sucrose, man- 
nose, inulin, dextrose, salicin, and arabi- 
nose. No growth was obtained in gelatin, 
plain agar, potato medium, litmus milk, and 
only in two cultures was there any evidence 
of indol production. These characteristics 
were observed only in the case of the first 
two groups of cultures. 

The result of attempts to reproduce the 
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Fig. 2.—Section of the mucosa of one of the small bronchi showing a recent 
infiltration of polymorphonuclear leucocytes and mononuclear phagocytes into 
the mucosa. There is some necrosis of the epithelium. (x 150). 


Fig. 3.—Section showing a severe bronchiolitis with a necrotic exudate in ihe 
lumen, complete desquamation of the epithelium and necrosis of some components 
of the stroma. (x 150). 


difficulties in determining the biochemical 
tests in group 1 were encountered again 
in this group. Sixteen other cultures of 
organisms were isolated, six of which were 
Escherichia communior. The remainder 
consisted of seven cultures of staphylococci, 
two of streptococci, and one of mold. These 
were considered as contaminants or sec- 
ondary invaders because of the preponder- 
ance of the other types or organisms isol- 
ated. 

As previously mentioned, due to the inert 
growth qualities of these organisms, dif- 
ficulty was encountered in repeated failures 


disease by the injection of gram-negative 
rods isolated from spontaneous cases of calf 
pneumonia are shown in table 1. Only 6 of 
the 16 calves showed any evidence of pneu- 
monia or bronchitis, 4 of which were in- 
jected with 1 cc. of a suspension of the 
organisms intratracheally. The other 2 
were injected with 2 cc. intranasally, and |! 
calf was injected intravenously with 4 cc. 
of the suspension. All suspensions were ad- 
justed to an approximate nephelomete: 
reading of 2. In the cases in which a recent 
pneumonia was observed, it should be notec 
that the gross lesions were not extensiv: 
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were scattered throughout the apical 
ss. The 2 cases showing a bronchitis 
not show any lesions other than a 
rked inflammation of the bronchi. In- 
-lusive results evidenced in table 1 would 
rgest that perhaps a virus is associated 
with this organism in spontaneous cases of 
f pneumonia. 
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tion of serum to the first tube, mixing and 
taking out 0.5 ec. and adding to the next 
tube for the entire series, leaving the last 
tube for a control. Then 0.5 cc. of antigen 
which had been prepared by washing off a 
24-hour growth from a blood-agar slant was 
added. These cells were ground in a small 
mortar with absorbent cotton and diluted 


ABLE |.—The Results Observed from the Inoculation of Pure Cultures into Calves which Were Slaughtered 
10 Days after Inoculation. 


CULTURE AGE WEEKS 


946-1 

946-1 
1026-4 
1026-4 


co bo 


4 
4 
5 


The serological reactions of the first two 
groups of bacteria and known cultures were 
made by actively immunizing rabbits with 
10-12 ec. of killed antigen, followed by 10-12 
cc. of living bacteria, to obtain the neces- 
sary antiserums. The killed antigen was 
prepared by washing agar slants with 0.5 
per cent tricresolized saline, centrifuging, 
pouring off the supernatant liquid and re- 
suspending in more tricresolized saline. The 
suspension was allowed to stand in the 
refrigerator for 24 to 48 hours and then 
iluted with normal saline to a McFarland 

/helometer standard number 4. The sus- 

ision was then tested for sterility. The 

e antigen was secured by washing a 
24-hour growth off a blood-agar slant with 

‘mal saline. The injections, with both 
‘i led and living antigens, were given daily 

rinning with 0.25 cc. and increasing the 

age to 2 ec. The agglutinations were 
ermined by placing 0.5 cc. of saline in 

h tube and adding 0.5 cc. of 1: 10 dilu- 


CULTURES 
REISOLATED 


AUTOPSY 
FINDINGS 


ROUTE OF 
INOCULATION 


Negative 

Negative 

Negative 

Recent Pneumonia 
Negative 
Negative 
Negative 

Recent Pneumonia 
Severe Bronchitis 
Recent Pneumonia 
Negative 

Recent Pneumonia 
Negative 
Negative 
Negative 

Slight Bronchitis 


intravenous 
Intranasal 
Intranasal 
Intratracheal 
Intravenous 
Intranasal 
Intranasal 
Intranasal 
Intratracheal 
[ntratracheal 
Intranasal 
Intratracheal 
Intranasal 
Intranasal 
Intranasal 
Intranasal 


to McFarland nephelometer numbers 1 to 2. 
The tubes were incubated for 6 to 12 hours 
in the 37 C. incubator and placed in the 
refrigerator at 6 C. for overnight and then 
read. 

Table II shows the titres obtained when 
five of these gram-negative rods (referred 
to by symbol T) were used as antigens and 
agglutinated with homologous and _ heter- 
ologous serums, as well as with three rep- 
resentative pleomorphic forms of the second 
group (symbol P) and serums from known 
cultures of the genus Hemophilus and 
Pasteurella avicida. 

Table II shows that a distinct antigenic 
relationship exists between the five dif- 
ferent gram-negative rods (T, to T,), in 
that significantly high titres were obtained 
in the cross agglutination reactions except 
where the homologous titres were not espe- 
cially high. The titres obtained upon 
agglutinating the gram-negative rods with 
sera prepared from pleomorphic forms does 


5 Ti 
6 Tl 
7 1052 
1052 
4 
10 Tl 
1] 1238 
2 1238 
13 T3 
T3 
5 | 
6 T4 
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not appear significant. The agglutinating 
titres ranging from 1 : 320 to 1 : 640, ob- 
tained when these gram-negative rods were 
agglutinated with Hemophilus suis serums, 
indicated a _ relationship between these 
forms. No relationship was shown between 
these gram-negative forms and the culture 
of Pasteurella avicida employed. 


ported elsewhere’. This consisted briefly 
of a bilateral pneumonia in all or a major 
portion of the apical and cardiac lobes of 
the lungs (fig. 1). With the exception of 
three very acute cases, the anterior lobes 
were always very atelectatic and in a stage 
of gray hepatization. Scattered throughout 
the anterior lobes, both on the surface and 


TABLE |1.—Agglutination Reactions 


—PLEOMORPHIC— 


CLINICAL AND GROSS. PATHOLOGY 


The first manifestation of the disease was 
a dry cough accompanied by considerable 
lacrimation, soon followed by a mucopuru- 
lent nasal discharge. There was an increase 
in the respiratory rate and breathing was 
shallow. Soon after the onset of the cough 
there was a rise in body temperature vary- 
ing from 103.8 to 105 F. The cough usually 
became loose on the third or fourth day, 
at which time the calf usually lost its ap- 
petite. 

The gross pathology in practically all the 
cases observed was the same as that re- 


GROUP —TrypicaL GM-NE6&. 

Antigen P7 P8 P9 T5 T3 T2 
Tl 40 20 0 160 2560 2560 
T2 20 20 0 160 2560 2560 
T3 0 20 0 0 2560 2560 
T4 0 0 0 80 640 2560 
T5 0 0 0 640 640 640 
P. 

avicida 0 40 0 0 40 30 

H. inf. 


suis 0 0 0 80 160 320 


H. inf. H inf 
Rop Grovurp——~Am. type H. inf. Harvard 

Tl T6 Culture’ suis Strain Avicida 

640 1280 20 640 0 40 

1280 1280 0 320 80 40 

640 640 0 320 0 0 

320 1280 0 640 40 0 

20 0 0 40 0 2560 


160 160 320 2560 640 0 


upon section, there were a variable number 
of small abscesses. About 1/3 to 2/3 of the 
diaphragmatic lobes were usually in a state 
of red hepatization with the exception of a 
small area immediately adjacent to the 
cardiac lobe which usually showed a grayish 
hepatization. The mediastinal lobe was con- 
solidated in practically all cases, and for the 
most part its gross pathology resembled the 
anterior lobes. The cut surfaces of the areas 
of longer duration were characterized by a 
number of small abscesses and a muco- 
purulent material exuding from the small 
bronchi. The large bronchi were always 


CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 


. 4.—Section through an alveolus showing the mononuclear phagocytes of the aveolar exudate 
and two giant cells. (x 950). 
Fig. 5.—Film from 24-hour growth of primary isolation of typical gram-negative rods. Note the long 
filamentous forms. (x 950). 
. 6—Film from 24-hour growth of primary culture reisolated from lung of rabbit injected intra- 
tracheally, Gram's stain. (x 950). 
. 7.—Film from 24-hour growth of gram-variable bacilli characteristic of pleomorphic group. 
(x 950). 
Fig. 8.—Film from 24-hour chocolate agar culture showing predominantly typical gram-negative rods 
and some filamentous forms. (x 950). 
Fig. 9.—Film from above 24-hour culture showing capsules, Churchman capsule stain. (X 950). 


Fig. 10.—Film from 24-hour cholocate agar culture of Hemophilus suis showing more typical forms, 
alkaline methylene blue. 


(x 950). 
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highly inflamed in that portion near the 
trachea and contained a variable amount 
of grayish-white mucopurulent material. 
Enlarged and edematous mediastinal and 
bronchial lymph nodes were always ob- 
served. A pleurisy was observed in 18 of 
the 28 cases. 


HISTOPATHOLOGY 

The microscopic examination of sections 
of the pneumonic lungs of calves revealed 
lesions of a typical interstitial broncho- 
pneumonia. The mucosa of the larger 
brenchi was highly congested and infiltrated 
with po!ymorphonuclear leucocytes and 
mononuclear phagocytes accompanied by 
varying degrees of desquamation of the 
bronchial ephithelium (fig. 2). The small 
bronchi and bronchioles were filled with a 
cellular exudate consisting of polymor- 
phonuclear leucocytes and some few mon- 
onuclear phagocytes; in addition the lumen 
of the bronchi and bronchioles contained 
many desquamated epithelial cells. The 
most severe lesions of the bronchial tree 
were in the terminal and_ respiratory 
bronchioles. The extent of desquama- 
tion of the epithelium of the bronchioles 
varied in different cases. The stroma 
was usually infiltrated with mononuclear 
phagocytes and some polymorphonuclear 
leucocytes. In some areas of longer 
duration, the epithelium of the respira- 
tory bronchioles was entirely destroyed 
and the lumen was filled with a 
mass of necrotic material (fig. 3). The 
stroma of these bronchioles contained many 
mononuclear phagocytes with pyknotic 
nuclei and a small number of proliferating 
fibroblasts. The surrounding peribronchial 
tissues contained many mononuclear 
phagocytes and dead and disintegrating 
polymorphonuclear leucocytes. Upon cross 
section, many of these bronchioles gave the 
appearance of early abscesses. 

The alveoli immediately adjacent to the 
bronchioles were filled with a cellular ex- 
udate consisting mostly of mononuclear 
phagocytes and some polymorphonuclear 
Jeucocytes. The alveoli more distant from 
the bronchioles usually contained a fibrinous 
or a serous exudate in which there were 
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small numbers of mononuclear phagocytes 
and polymorphonuclear leucocytes. Capil- 
laries of the aveolar walls were highly con- 
gested and the wall appeared thickened by 
an increase of mononuclear phagocytes in 
that area. 

In cases of calf pneumonia, diagnosed 
clinically and grossly as acute, large num- 
bers of alveoli were found filled with a 
cellular exudate which consisted almost en- 
tirely of mononuclear phagocytes and giant 
cells (fig. 4). It was observed upon the 
study of serial sections that the terminal 
and respiratory bronchioles bordered on 
abscess formation as a result of the severe 
bronchiolitis. In areas where the bronchio- 
litis was of a more acute nature and not as 
extensive, but where a necrosis and some 
bronchiole injury had taken place, the sur- 
rounding alveoli did not contain the large 
number of mononuclear phagocytes and 
giant cells mentioned previously. 

A thickening of the pleura was always 
observed in the more chronic cases. 


DISCUSSION 


The results of this study suggest that the 
gram-negative, rod-shaped bacterium iso- 
lated in 19 of the 24 cases of calf pneu- 
monia, examined bacteriologically, are 
closely related to members of the genus 
Hemophilus. 

These gram-negative rods, which require 
the addition of blood to the medium for 
growth and the growth of which is en- 
enhanced by vegetable or yeast extracts, 
show nutritional requirements similar to 
the hemophilic organisms. Hemophilus 
members were early classified on their need 
for the so-called X and V growth factors, 
either alone or in combination, supplied 
from blood, yeast, and vegetable extracts.‘ 
Morphologically, the cells of these gram- 
negative rods (fig. 8) resemble the mem- 
bers of the genus Hemophilus; in each are 
observed curved rods, filaments and 
coccoid forms. In some of the typica! 
gram-negative rods, capsules were demon- 
strated (fig. 9). 

Serologically, a definite relationship was 

*Thjotta, T., and Avery, O. T.: Growth Accesso! 


Substances in the Cultivation of Hemophilic Bacil 
J. Exp. Med., xxxiv, (1921), pp. 97-114. 
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vn to exist between these gram-negative 

and Hemophilus suis (fig. 10). The 

ire of certain of the gram-negative 

ns to reach a very high agglutination 

with Hemophilus suis serums is 

similar to the findings of Lewis and Shope* 
their studies of swine influenza. 

The fact that the efforts to reproduce the 

ase in calves injected with the gram- 

rative rods isolated from spontaneous 
cases of calf pneumonia failed in most in- 
stances suggests the possibility that a virus 
may be involved. It is an established fact 
in human and swine influenza that the virus 
and the organisms are associated with each 
other in producing a pneumonia. The virus 
alone produces only a mild inflammatory 
reaction but secondary organisms associ- 
ated with it may then produce a pneumonia. 
Further investigations are in progress to 
determine the presence of a virus in calf 
pneumonia, the rdle of the pleomorphic 
forms isolated, and agglutination absorp- 
tion studies. 

The histopathology of these cases was 
very similar to that previously reported 
by workers in other parts of the country. 
McCallum, in his work on influenzal pneu- 
monia, states that both the hemolytic 
streptococci and the influenza bacilli cof 
Pfeiffer will cause an interstitial broncho- 
pneumonia in which there is a difference in 
the microscopic picture of the two types. 
On this basis he makes the statement that 
the anatomical picture of pneumonia is so 
characteristic that it is a good indication 
of the bacteria concerned. In this type of 
pneumonia there is a marked hyperplasia 
of the so-called epithelial cells of the alveoli 
which produce masses that appear as giant 
cells. Lewis'™ by the use of cultures of 

, Showed that the size of the mcnonu- 
clear phagocyte depends upon its opportu- 
nity to stuff itself with foreign material and 
increase in size. 

in the bronchopneumonia observed in the 
cal’, there was considerable foreign ma- 


A Hemophilic 
Infected 


‘wis, P. A., 
llus from the 
J. Exp. Med., liv (1931), pp. 361-371. 


and Shope, R. E.: 
Respiratory Tract of 


iCallum: Textbook of Pathology, 7th ed., W. 
i1unders Co., Philadelphia, (1940), p. 779. 
ewis, W. H., and Lewis, M. R.: As quoted by 
‘allum: Textbook of Pathology, 7th ed., W. B. 
ders Co., Philadelphia, (1940), p. 161, 


terial in the alveoli, such as fibrin, dead 
polymorphonuclear leucocytes, and lympho- 
cytes, which would probably account for the 
large number of mononuclear phagocytes 
around the periphery of the lesion produced 
by the severe injury to the terminal and 
especially the respiratory bronchioles. It 
was observed by the study of serial sections 
of practically entire lobules and _ their 
affected bronchioles that the number of 
mononuclear phagocytes and giant cells ob- 
served at the periphery of those areas sur- 
rounding the necrotic and severely injured 
bronchioles was in proportion to the degree 
of injury. These lesions were observed in 
those cases which would be considered as 
acute cases of pneumonia clinically. 


SUMMARY 

1) Histopathological studies were made 
on 28 cases of calf pneumonia. Bacteriologi- 
cal studies were made upon 24 of the above 
cases. 

2) Hemophilic-like bacteria were con- 
sistently isolated from the cases examined. 
Attention has been called to the marked 
similarity of the gram-negative organism 
isolated to Hemophilus suis. 

3) Attempts to introduce pneumonia in 
calves by inoculations of the organisms did 
not meet with consistent or conclusive re- 
sults. 

4) Histopathological studies reveal a 
characteristic bronchopneumonia similar 
to that reported elsewhere®. However, the 
degree of injury to the bronchioles appeared 
more severe in the cases that were observed 
in this study. 

5) The numerous giant cells and large 
mononuclear phagocytes observed in cases 
of acute pneumonia appear to be in propor- 
tion to the extent of injury and necrosis in 
the terminal and respiratory bronchioles. 
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Distemper Inclusion Bodies 


E. A. WATSON, V.S., F.R.S.C. and P. J. G. PLUMMER, B.V.Sc. 


Hull, 


IN SOME of the virus diseases, intracellular 
bodies are of more or less constant occur- 
rence in certain tissues. Among the better 
known are the Negri bodies in the brain 
cells in rabies, the Guarnieri bodies in 
epidermal cells in variola and vaccinia, and 
the Bollinger body in fowlpox. These bodies 
are generally characterized and differenti- 
ated by their acidophilic or eosinophilic 
affinities when specimens are treated with 
suitable, combined stains. 

In certain other virus diseases, cell in- 
clusions, cytoplasmic and intranuclear, may 
also be found, differing somewhat from the 
types mentioned but with similar staining 
reactions. Their occurrence has been ob- 
served and reported, by not a few investi- 
gators, in the tissues of animals infected 
with the viruses of encephalitis, chorio- 
meningitis, and other neurotropic virus dis- 
eases, and in both the viscerotropic and 
neurotropic forms of distemper. Their re- 
lationship to the viruses with which they 
appear to be associated, and their signifi- 
‘ance as an indicator of the amount, con- 
centration and distribution of the virus 
present in the tissues, and as a means of 
microscopical diagnosis, are frequently 
mentioned and sometimes asserted in the 
literature but, nevertheless, are regarded 
by many as problematical. Certainly, the 
bodies seen in some virus diseases are in- 
distinguishable from those seen in others; 
and in some cases of the same disease the 
bodies may be found without great dif- 
ficulty, while in others a prolonged search 
does not reveal them. In the course of dis- 
temper studies extending over a period of 
years, we have searched at different times 
for inclusion bodies in the tissues of ani- 
mals experimentally infected with dis- 
temper virus, as well as in animals dead or 


From the Animal Disease Research Institute, 
Science Service, Dominion Department of Agricul- 
ture, 


Quebec 


dying from distemper in natural outbreaks 
of the disease on fur farms. 

Procedure and Staining Methods.—The tissues 
examined include brain, kidney, urinary blad- 
der, lung, trachea, liver, spleen, stomach and 
intestine. Smear and impression preparations 
fixed in absolute alcohol were made of certain 
tissues, such as brain and the lining membranes 
of the bladder and trachea, in addition to sec- 
tions fixed in saline formol solution and em. 
bedded in paraffin. The routine stains were 
Williams’ modification of Van Gieson’s method 
for smears, and Harris’ hematoxylin and Le 
Mesurier’s triple eosin mixture for sections. 

Description of Distemper Inclusion 
Bodies.—The bodies are readily recognized 
in preparations stained with Le Mesurier’s 
triple eosin. In size and shape they vary 
from small granules to round or oval bodies 
several times larger than a red blood cor- 
puscle. With proper differential staining 
technique, the red blood cells are colored a 
pale red or pink with a yellowish or orange 
tinge, the inclusion bodies a deeper and 
purple or bluish red comparable to the 
staining of Negri bodies. The inclusions 
are intracellular and nearly always cyto- 
plasmic. In some cells, as many as seven 
or eight small eosinophilic inclusions may 
be present, in others, only one; or, a single 
large body may fill the greater part of the 
cell cytoplasm so that the entire cell is 
seemingly composed of its nucleus and the 
inclusion body. A minute, bright, un- 
colored point in the center of the body, a 
vacuole, or a faint halo surrounding the 
body is sometimes apparent and suggestive 
of refractile properties. 


INCLUSION BopDIES ASSOCIATED WITH DIs- 
TEMPER VIRUSES IN THE TISSUES OF 
INFECTED F‘ERRETS 


a) Examination of Brain Tissues.—tin 
the course of propagating two strains of 
distemper virus by animal passages (July, 
1933 to June, 1934), 42 ferrets inoculated 
with virus of canine origin and 33 with fox 
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virus, together with 8 ferrets in cohabita- 
tion with the infected animals, developed 
pical distemper and died of the disease 
vere killed in extremis. The brain only 
‘oach of these 83 ferrets, in sections and 
smears, was examined for cell inclusions. 
‘osinophilic granules were noted in smear 
eparations, but not in the sections, of the 
brain cells of 5 ferrets. The granules 
occurred in only a few cells in one or two 
of the dozen smears made from each brain 
and probably bear no significance in respect 
to distemper inclusion bodies (table I). 


be noticed that 8 of the ferrets died of the 
disease and that definite inclusion bodies 
were found in 6 (75%), and indefinite 
eosinophilic granules in the other 2. The 
other 9 animals were killed in extremis, 
and inclusion bodies were found in 5 
(55.5%). 

c) The Tissues in Which Inclusion Bodies 
May Be Found and the Day of Their First 
Appearance After Virus Inoculation. 
Eight normal ferrets, removed from a 
healthy colony and never exposed to infec- 
tion, were inoculated with ferret spleen- 


TABLE j.—Inclusion Bodies in Brain Tissues 


Ferrets dead or dying from distemper 


TOTAL 
NUMBER 


VIRUS 
ORIGIN 


INFECTED BY 


Dog Inoculation 42 


Fox Inoculation 
Dog 


and Fox Cohabitation 


83 


Diep (D) 
OR Brain TISSUES EXAMINED FOR 
KILLED (K) CELL INCLUSIONS 


10 
31 


5* 


*Granules only. Small, refractile, eosinophilic, irregular contour, in Purkinje type cells, and of very 
doubtful significance. 


b) The Kidney and Urinary Bladder.— 
Specimens of kidneys and urinary bladders 
were collected from 17 ferrets inoculated 
with distemper virus “P” (dog, fox and 
mink strains pooled). Six of the ferrets 
were inoculated with the virus after pas- 
sage in serial ord‘: through 86 ferrets, 
7 ferrets were inoculated with the eighty- 
seventh passage, and 4 with the eighty- 
eighth passage virus. 

Definite eosinophilic bodies were found in 
ll of the 17 ferrets (64.7% ). In 8 instances 
the bodies were present in both kidney and 
bl-dder tissue, in 2 instances in the bladder 
alone, and in 1 animal they were found only 
in the kidneys. Questionable bodies were 
present in 2 ferrets. These were found in 
bo‘h the bladder and kidney tissues in 1 
a: mal, but only in the kidney in the other. 
In the tabulated summary, table II, it will 


tissue distemper virus “P”. At 2-day in- 
tervals, from the second to the fourteenth 
day following infection, one of the ferrets 
was killed; the last of the series died from 
distemper on the fifteenth day. 

The incubation and symptomatic periods, 
approximately 10 and 5 days respectively, 
were typical of ferret distemper. The first 
appearance of inclusion bodies was on the 
tenth day in ferret 5, just when clinical 
symptoms were about to appear. They were 
found in each of the 3 remaining ferrets, 
on the twelfth, fourteenth and fifteenth day, 
respectively, and only in the tissues of the 
liver, gall bladder, kidneys and urinary 
bladder (table III). 

d) Absence of Inclusion Bodies in the 
Tissues of Ferrets Immune to Distemper.— 
Eight immunized ferrets were inoculated 
at the same time and in the same manner 
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TABLE I|.—Inclusion Bodies in Kidney and Bladder Tissues 


Ferrets dead or dying from distemper 


Diep 


ViRUS SERIAL TOraL OR INCLUSION BODIES NUMBER OF FERRE’S 
ORIGIN PASSAGE NUMBER KILLED KIDNEY BLADDER + — ? 
Killed +. 4. 
Killed 
86th 6 Killed 
Killed 
mink virus Nilled 5) 3 
strains pooled 
into one 87th 7 tr + 4 
composite aes + 
Killed 2 1 
strain “fT 
Died 
Died + 
Died + wy 
Died ? ? 3 | 
Died + 
Died 4. 
88th 4 Died | 
Died ? 3 1 
Total Number 17 9(+) 10(+) 11 4 2 


Per cent, 64.7 Positive; 23.5 Negative; 11.7 Questionable. 


TABLE II|.—Time Period and Tissues in Which Inclusion Bodies Make Their Appearance in Experimental Ferret 


Distemper 
PERIOD INCUBATION SYMPTOMS 

1 2 3 4 5 6 4 8 
Day killed after inoculation.... 2nd 4th 6th 8th 10th 12th 14th 15th* 
Tissues examined for inclusion 

bodies 

*Died of distemper. 

Virus origin: Dog, fox and mink strains, pooled as composite strain “P.” 


Serial ferret passage: 106th. 
Number of ferrets inoculated: 8 (1 to 8). 


Inoculum: 1.0 cc. of 10 per cent ferret spleen suspension. 
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and dosage as the 8 normal ferrets in the 
receding experiment and were killed at the 
same intervals of 2 days (8th-16th day). No 
‘sible clinical reactions in the immune 
rets could be observed and no inclusion 
odies could be found in any of the tissues 
imined. 
e) Search for Inclusion Bodies in the 
sues of Normal Ferrets.—Eleven ferrets 
re taken from the healthy ferret colony 
nd killed with chloroform. Inclusion bodies 


farm and has been separated in the labora- 
tory, by Heath (1940) into two substrains 
(a) neurotropic, derived from adult mink 
and causing nervous symptoms only in fer- 
rets, and (b) viscerotropic, from mink kits, 
causing the usual characteristic catarrhal 
exudates from eyes and nose hyperemic 
conditions, lip vesicles, etc. 

With the neurotropic strain, definite in- 
clusion bodies were found in each of the 2 
ferrets of the first passage and in 1 of the 


—After Watson and Plummer, 1942 


Distemper Cell-Inclusion Bodies 


were found in only 1 of the 11 ferrets, and 
only in the kidney, in small numbers but 
similar to and indistinguishable from those 
‘ound in ferrets infected with distemper 
irus. 

The possibility of the inclusion bodies 
‘ound in this single healthy ferret being 
associated with distemper can be ruled out 
since there was not the slightest evidence 

suspicion of the disease in the ferret 
‘clony from which it was taken, before or 

er. 


f) Ferrets with 


Distemper 

rus from Mink.—This virus, identified as 
‘train “C’”, was originally obtained from a 
i1:tural outbreak of distemper on a mink 


Infected 


3 ferrets of the fifth passage; no inclusion 
bodies were found in any of the 12 ferrets 
of the sixth passage. 

With the viscerotropic strain, 3 of the 6 
ferrets of the seventh passage showed in- 
clusion bodies. 

Thus, cell inclusions were present in cer- 
tain tissues of 6 of the 23 ferrets in this 
series, dead or dying from distemper, in 
kidney and urinary bladder of 3, kidney and 
liver of 1, bladder and liver of 1, and blad- 
der only of 1 (table IV). 

g) Foxes Immune to Distemper Virus. 
—Thirty foxes of proven immunity to dis- 
temper virus received a further test in- 
oculation of virus. Eight additional im- 
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TABLE IV.—Inclusion Bodies in Ferrets Dead or Dying from Distemper Following Inoculation of Mink Strain of 


Virus 
2 DAY AFTER INOCULATION 
SERIAL SERIAL 3 Z, ~ = KILLED in extremis or 
PASSAGE NUMBER = 3 3 =a DIED FROM DISTEMPER 
1 4 4. k. 
Ist 2 + oo k. 
5th 4 - k. 
5 ? ? k. 
6 = d. 
7 k. 
8 ? k. 
9 - — 
6th 10 k. 
11 — — k. 
12 ~ — — 
13 - — d. 
14 — d. 
15 — k, 
16 ~ — k. 
17 - —~ = k. 
‘Db’ 19 ? - 
20 — 
7th 21 > +- - + 
22 — 
23 - + 
INCLUSION BODIES+ 2 4 5 in 6 ferrets 
INCLUSION BODIES? 4 1 in 4 ferrets 
INCLUSION BODIES— 12 18 18 18 19 12 15 17 12 in 13 ferrets 
Virus “CC”: ‘a’, Neurotropic substrain from adult mink. ‘b’, Viscerotropic substrain from mink kits. 
mune foxes were further exposed to were collected from each animal immedi- 


infection by cohabitation with infected ani- 
mals. Each of these 38 immune foxes was 
killed, after a varying time interval fo!- 
lowing inoculation and exposure, as shown 
in table V. 

The viruses given to test the immunity, 
and with the object of possibly causing the 
appearance of cell-inclusion bodies, were 
lethal for ferrets, which succumbed to 
typical distemper following the usual in- 
cubation and symptomatic periods. How- 
ever, none of the foxes exhibited any clini- 
cal manifestations of distemper but carried 
their immunity throughout. 

Specimen material of the brain, trachea, 
lungs, stomach, spleen, kidneys, adrenals, 
liver, and the gall and urinary bladders 


ately after it was killed. All proved nega- 
tive on close and long search for inclusion 
bodies. 


h) Enzoétic Diseases on Fur Farms. 
Heavy losses occurring in the course of 
spreading outbreaks of disease on isolated 
fox and mink farms are not infrequently 
reported. For the most part, these are at- 
tributed by the owners or managers, as well 
as by attending veterinarians, to distemper 
when no other cause or likely factor is 
readily discernible, even though the clinical 
evidence to support a diagnosis of dis- 
temper may be very scanty. In a numbe 
of these, the tissues of one or more affected 
animals in each outbreak were searched ‘or 
cell-inclusion bodies, and ferrets were '1- 
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ated with the same specimen material 
to cetermine the presence or absence of dis- 
temper virus. 

he laboratory findings made in respect 
} natural enzoétics, 3 occurring on fox 


IMMUNE FOXES 
9 Virus “C’”’ Subcutaneous 
3 Virus “C” Subcutaneous 
5 Virus “C” Intracerebral 
4 Virus “C” Intracerebral 
5 Virus “P” Subcutaneous 
4 Virus “P” Intracerebral 
5 Exposed by cohabitation 
} Exposed by cohabitation 


farms and 3 on mink farms, are shown in 
table VI. 

The history and reported symptoms in 
enzodtics 1, 4 and 5 were more or less in- 
dicative of distemper, ferret inoculations 
were positive, and cell inclusions were 
found in the kidneys or bladder of 6 of the 
13 mink and foxes examined. Enzoétics 
2 and 3 were not suggestive of distemper, 
the former being characterized by gastro- 
enteritis, fatty degeneration of the liver 
and, in some cases, pneumonia, and the lat- 
ter by skin hypersensitivity, paralysis, and 
sudden death. Inoculation tests of ferrets 
proved negative for distemper. Neverthe- 


less, cell-inclusion bodies were found in 
kidney or bladder tissues of 2 of the 7 mink 
carcasses examined. 

Only 1 fox, representing enzodtic 6, was 
examined. 


No inclusion bodies could be 


‘ATURAL ENZOOTIC 
4 @ 
No. ANIMALS EXAM’D 5 

2 


TABLE V. 


TEST INOCULATION AND EXPOSURE 


with infected foxes 
with infected foxes 


TABLE VI. 


} 
| 
| 
| 


found in the tissues, but ferret inoculation 
was positive for distemper. 

i) Spontaneous Outbreaks of Distemper 
in Ferret Colonies.—In the course of rais- 
ing large colonies of ferrets for experi- 


SUBSEQUENT INTERVAL 
(KILLED) 


52-54 days 
6 months 
52-54 days 
6 months 
54-56 days 
54-56 days 
52-56 days 
4 months 


mental purposes, over a period of more than 
10 years, two spontaneous outbreaks of 
distemper occurred, one in the year 1938, 
the other in 1941. The entire colonies were 
nearly eradicated by the disease. In the 
first outbreak, 27 ferrets dead or dying 
from distemper were examined and inclu- 
sions were found in 21 (77.7%), and in the 
second outbreak 15 ferrets were examined 
and inclusion bodies found in 4 (26.6%), 
in kidney and/or bladder tissues. 


SUMMARY 


Eosinophilic cell-inclusion bodies, as de- 
scribed, were frequently present in certain 
tissues of ferrets, foxes and mink when 
these animals were in the end stages of, or 
dead frcm, experimental distemper, or in 
natural enzoétics of the disease. 

The inclusions were most frequently seen 


FERRET TEST 
INOCULATIONS 
(FOR DISTEMPER 
VIRUS) 

Positive 

— Negative 

Negative 
Positive 
Positive 
Positive 


| INTESTINE 


| BLADDER 
STOMACH 


| URINARY 


| 
bo | | 


GALL 
| KIDNEY 
BLADDER 
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in the epithelium of the urinary tract 
(kidney, pelvis and bladder), occasionally 
in the epithelium of the bile ducts of the 
liver and of the gall bladder, but never in 
the tissues of the brain, trachea, lungs, 
spleen, stomach and intestines. 

Cell inclusions were detected in from 25 
to 65 per cent of infected ferrets, the per- 
centage varying in groups infected with 
different virus strains, and in approxi- 
mately 33 per cent of mink and foxes. 

Positive findings could not be made in 
ferrets killed during the incubative stage of 
infection, but were obtained in increasing 
number and percentage as the disease ad- 
vanced to the final stage and were highest 
in animals which actually succumbed to it. 

The inclusions were almost invariably in- 
tracellular and cytoplasmic. Very rarely an 
inclusion was seen which might have been 
intranuclear, or only apparently so by its 
location on or under the cell nucleus. 

Only negative findings were obtained in 
ferrets artificially immunized with dis- 
temper viruses and killed in from 2 to 16 
days after a later inoculation of virus, and 
in immunized foxes, similarly treated and 
killed after time intervals of 50 to 180 days. 

Cell inclusions, similar in all respects to 
those found in 1 of a group of 11 normal 
healthy ferrets were taken from a colony 
rigidly isolated from infection, and in 2 
mink which died of a disease not caused by 
distemper. 


REVIEW AND DISCUSSION 


The presence of cell-inclusion bodies in 
the pathological picture of distemper has 
caught the attention of a number of writ- 
ers. Lentz (1908) described such bodies 
in the central nervous system of dogs. 
Sinigaglia (1913) regarded them as diag- 
nostic of dog distemper and comparable to 
the Negri bodies found in dogs affected 
with rabies. Dunkin and Laidlaw (1926) 
reported that eosinophile inclusions may be 
found in a few of the epithelial cells of 
the skin and cornea and occasionally in 
the large vacuolated cells of lung lesions 
in ferrets infected with dog distemper, 
but could not be found in the brain tis- 
sues of either ferrets or dogs. Slanetz 


and Smetana (1937) studied an epizootic 
virus disease of ferrets, of a nature ap- 
parently identical to that of the epizoitic 
recorded in this paper, and state that the 
most characteristic and constant histologic 
feature was the presence of inclusion bodies 
in the epithelial cells of many organs. 
These were most frequently and constantly 
seen in the respiratory tract and in the 
lining cells of the mucosa of the nose, 
sinuses, trachea and bronchi, and most of 
them were cytoplasmic but intranuclear 
ones also were present. They go on to say 
that inclusion bodies in the lining cells of 
the kidney, pelvis and of the urinary blad- 
der were as constantly present as in the 
respiratory tract, but were never found in 
gall bladder epithelium, nor in the cells of 
the fallopian tubes, uterus, ovaries, epididy- 
mis, testes, brain, spinal cord or meningi. 

These authors, from a comparative study 
on ferrets of the effects of canine distemper 
virus and the virus of the ferret disease, 
conclude that there seems to be no im- 
munologic relationship between the virus of 
the one and that of the other. 

Pinkerton (1940), studying epizodtic dis- 
temper on mink farms, has made similar 
observations in respect to the presence and 
distribution of inclusion bodies, intranu- 
clear and cytoplasmic, in mink dying from 
distemper or killed during the course of the 
disease. He stresses the importance of such 
findings as a rapid and accurate method for 
diagnosing distemper, and he also states 
that the standardization of tissue vaccines 
by observing the number of inclusion bodies 
microscopically is much simpler than by 
estimating virus content by animal inocula- 
tions. 

Green and his coworkers (1939) describe 
inclusion bodies in fox encephalitis as al- 
ways intranuclear and found principally in 
cells of the vascular endothelium, but never 
in bile ducts nor in other surface epithelial 
cells where the inclusions of distemper oc- 
cur. According to Green (1941) “the dis- 
temper virus grows typically in the epithe- 
lium making up the mucous membranes 
and is found in the surface cells of the 
respiratory tract, in the gastrointestin:! 
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tract, biliary system and the urogenital 
syst m.” 

Wisnicky and Wipf (1941), reporting on 
646 fox and mink specimens examined for 
distemper inclusions, mention the finding 
of cytoplasmic inclusions, similar in shape 
and in staining properties to the distemper 
inclusions, in sectioned material from foxes 
on ranches with no clinical evidence of dis- 
temper, and in bladder and tracheal smears 
from foxes and mink when distemper in 
clinical form did not occur. They conclude 
that distemper inclusion bodies are a valua- 
ble aid in the diagnosis of the disease, but 
that it is necessary to consider fully the 
history, clinical symptoms, autopsy picture, 
and inclusion body findings to establish a 
correct diagnosis. 

We can say from our own experiences and 
findings that intracellular, cytoplasmic in- 
clusion bodies are frequently present in 
animals naturally and experimentally in- 
fected with distemper virus (and, in com- 
paratively rare instances, in animals which 
have had no contact with distemper and 
have never been exposed to it) and that the 
animal tissues containing such bodies are 
more or less limited to the transitional 
epithelium of the urinary tract and of the 
gall bladder and bile ducts. 

We can say, further, that the inclusions 
are more likely to be present and located 
in animals which are dying or have died 
from the disease than in animals killed be- 
fore reaching a moribund state. Even so, 
in ferrets dead from distemper virus in- 
fection, inclusion bodies cannot be demon- 
strated in 25 per cent or more of the ani- 
mals; and in foxes and mink the number 
of negative findings rises sharply and may 
reach up to 65 per cent. Nevertheless, and 


this is a fact to be stressed, inoculation of 
issues of organs, such as, the spleen and 

igs, in which no inclusion bodies could be 
detected, has never proved to be less infec- 
tive or virulent than kidney and other 
t 


issues rich in inclusion bodies. That is 


also true with Berkefeld filtrates of tissue 
suspensions, regardless of the presence or 
absence of cell inclusions in the tissues con- 
cerned. 

We cannot agree that a tissue vaccine can 
be standardized nor its potency indicated 
by the presence and richness of distemper 
inclusion bodies. We have separately pre- 
pared vaccines from the different organs of 
virus infected animals, and from animals 
in which inclusion bodies were present and 
others in which they were absent, and 
titrated them without detectable differences 
in immunizing value and efficiency against 
the homologous viruses, or any evidence of 
a correlation between the presence, number 
and abundance of inclusion bodies in any 
given tissue or organ and the concentration 
of virus in that tissue. 

Distemper viruses as viscerotropic and 
neurotropic types, with changing charac- 
ters and pathogenic properties by passage 
in different species of animal hosts and im- 
munologic differentiations, are now rec- 
ognized. Accordingly, the origin, strains 
and types of the viruses productive of dis- 
temper-like disease may be important fac- 
tors in determining the type of disease set 
up, the tissue reactions, and the occurrence 
of cell inclusions. 

We are inclined to view the presence of 
these inclusions in animals succumbing to 
distemper as of some significance as an aid 
in microscopic diagnosis, but not as abso- 
lutely specific and pathognomonic of that 
disease nor for the identification of the 
virus. We cannot dismiss the thought that 
the cell inclusions may be not more than 
an end product of disease processes, not in 
themselves constituting virus bodies, ele- 
mentary or otherwise, but perhaps in the 
nature of a colloidal or lipoidal product, 
arising from an interaction between sub- 
stances in the excretions and exudates and 
the protoplasm of the epithelial cells lining 
the passages. 
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Influence of Diluters, Rate of Cooling, and Storage 
Temperatures on Survival of Bull Sperm 


GLYNDEN T. EASLEY, B.S., A.M., DENNIS T. MAYER, A.B., A.M., Ph.D. and RALPH 
BOGART, B.S., M.S., Ph. D. 


Columbia, Mo. 


IN THE PRACTICE of artificial insemination 
where maximum use of a bull is desired, 
the problems of a suitable diluent and 
proper storage methods become important. 
Many diluters have been recommended 
which may be suitable (as a diluent) when 
the semen is used immediately, but very 
few have consistently given satisfactory 
results during storage. 

The glucose-phosfate diluters recom- 
mended by Milovanov and Selivanova'! and 
the sulfate and tartrate diluters developed 
by Milovanov’ have been used widely. Al- 
though satisfactory results have been ob- 
tained with these diluters, when used with 
fresh semen for immediate insemination or 
for insemination after a short storage 
time, they have failed to increase the sur- 
vival time of bull spermatozoa (Hatziolos*). 
In 1940, Phillips and Lardy'! developed an 
egg-yolk, phosfate diluter which has gener- 
ally given satisfactory results in the storage 
of bull semen and Salisbury, Fuller and 
Willett'® have reported comparable results 
with a yolk-citrate diluter. 

It is generally agreed that semen should 
be stored at a temperature below that of 
the body, but recommendations’ vary 
greatly. It is possible that the varied rec- 
ommendations could have resulted from the 
failure to consider either of two factors: 

(1) temperature shock from rapid cool- 
ing, Birillo and Puhaljskii'; Gladcinova?; 
Chang and Walton*; Lasley, Easley and 
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McKenzie®; Lasley, Easley and Bogart’: 
and Salisbury!; 

(2) storage temperature, Weber2°; Ko- 
marov and Gladcinova’; Camici and Poles- 
tra*; Hatziolos*; and Salisbury. For ex- 
ample, semen cooled gradually, Birillo and 
Puhaljskii,! can be successfully stored at 
temperatures of 0 to 5C., Chang and 
Walton." 

The study of sperm survival was based 
upon motility estimations until Walton and 
Edwards!® substituted a measurement of 
sperm respiratory activity and Lasley, 
et al.,® described a staining method for dif- 
ferentiating live and dead sperm as more 
quantitative methods of evaluation. 

The studies reported in this paper are 
concerned with the influence of diluters, 
storage temperature, and rate of cooling 
on the survival time of sperm. In this 
study of semen diluters, two factors were 
considered: (1) the relation of the phys- 
ical characteristics of the diluters to those 
of the semen under investigation, and (2) 
an accurate criterion of sperm survival. 


MATERIALS AND METHODS 


Semen studies were made during the sum- 
mer of 1941 on Hereford bulls at the San Carlos 
and Fort Apache Indian Reservations in Ari- 
zona, and during the winter of 1941-42 on Short- 
horn bulls at the University of Missouri. A\|! 
of the seven bulls used in this work were ma- 
ture, appeared normal, and produced semen of 
good motility. They were fed a good ration 
in a dry lot. The semen was collected wii! 
the artificial vagina, and was held at approxi- 
mately 25 C. from the time of collection until 
the experimental procedure began. This in- 
terval never exceeded one hour. The staining 
technic of Lasley, et al.”, (1942) was used for 
determining the percentage of live sperm 
the semen sample because the method has bee" 
proved to be both sensitive and accurate. The 
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staining mixture was composed of 50 cr. of 


isomotie phosfate buffer, pH 7.2, 0.4 Gm. water 
soluble eosin B and 14 cc. opal blue stain (Bres- 
slau formula). It was heated to boiling, filtered 
ough a qualitative filter paper and stored in 
frigerator (8-10 C.) to prevent mold growth, 

| was always warmed to about 25 C. prior to 
The semen smears made in Arizona were 

ed at room temperature, 25-30 C., but the 
cher humidity in Missouri made it necessary 
dry the smears made there over a hot plate 
front of an electric fan. For the determina- 

n of the percentage of live sperm in a sam- 

two smears were made and 500 sperm 
unted on each. 

Special consideration has been given to three 
hysical characteristics of semen and diluters, 
i. e. DH, buffering capacity and osmotic pres- 
sure. 

The pH determinations were made with the 
Beckman glass electrode pH meter. 

The degree of H ion change induced by defi- 
nite quantities of acid or base is a measure 
of buffering capacity. In determining the buf- 
fering capacity, 0.5 ce. volumes of standard- 
ized N/100 NaOH or HCl were introduced 
quantitatively into 1 ce. samples of the semen 
or diluter under investigation and the result- 
ing change in pH determined with the glass 
electrode pH meter. 

The osmotic pressure measurements 
made with a Beckmann molecular weight ap- 
paratus and expressed as the degrees centigrade 
representing the relation of the freezing point 
of the solution to that of pure water. 


were 


RESULTS 


Diluters.—The only diluters capable of 
prolonging sperm survival beyond that in 
undiluted semen were the phosfate buffer 


and the yolk-phosfate. The yolk-phosfate 
diluter was superior to all the others, par- 
icularly for the longer storage times. The 
superiority of this diluter was shown in 
ther studies (data not published) in which 
large number of samples were used in 
‘ificial insemination. 
All the GPC* diluters were markedly 
rmful to sperm during storage (table 1) 
shown by the presence of fewer live 
s}erm immediately after diluting and after 
‘orage of 24 and 72 hours. The GPC di- 
ers also differed in physical characteris- 
is from undiluted semen, the phosfate 


Glucose—phosphorus—calcium. 


TEMPERATURES ON SURVIVAL OF BULL SPERM 


359 


buffer, and the yolk-phosfate diluter (table 
I and fig. 1). 

Although the sulfate and tartrate di- 
luters showed no immediate harmful influ- 
ence upon the sperm, and their physical 
characteristics corresponded more closely to 
those of semen than those of the GPC di- 
luters, semen diluted with them did not 
store as well as undiluted semen. The re- 
lation of these physical characteristics to 
sperm survival will be considered in the 
discussion. 

The data in table I are averages of four 
trials. In each of these trials, nine 0.5 cc. 
samples were taken from a single semen 
collection. One sample acted as a control 
while each of the other eight were diluted 
with one of the various diluents (table I). 
The semen and the diluter, at a temperature 
of 25C., were mixed in the proportion of 
1.5 cc. diluter to 0.5 cc. of semen. The 
small vials of diluted semen were placed in 
a beaker containing 300 cc. of water at 
20 C. and the beaker stored in a refrigera- 
tor at 8-10C. This procedure insured a 
slow controlled cooling rate. Smears were 
made immediately after dilution and after 
storage periods of 24 and 72 hours. 


Influence of Rate of Cooling on Undiluted 
Semen.—Cooling at a rapid rate resulted in 
a low percentage of live sperm even when 
the semen was only stored for nine hours. 
The most rapid cooling rate for undiluted 
semen that could be considered at all satis- 
factory was that‘of 5C. steps at one hour 
intervals. 


In the studies on rate of cooling, a stand- 
ard 0.5 cc. volume of undiluted semen and 
semen diluted 1: 3 with yolk-phosfate buffer 
were used. Cooling was brought about in 
5C. steps by immersing the sealed vials 
containing the semen in water baths of 
successively lower temperatures (20, 15, 
10, 5, OC.). The time interval between 
successive 5C. steps for each sample was 
held constant throughout cooling but was 
varied with different samples from 10 to 
120 minutes as indicated below in table II. 
In all cases, the samples were stored at 0C. 
after being cooled step-wise to this tem- 
perature. 
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Comparison of Yolk-Phosfate Diluted and 
Normal Semen when Cooled at Different 
Rates.—Again the percentage of live sperm 
remaining in the undiluted samples was 
greater with the slower rates of cooling. 
However, when the semen was diluted 1:3 
with yolk-phosfate diluter, the percentage 
of live sperm was not influenced by the rate 
of cooling. It is not known how rapidly 
semen diluted with yolk-phosfate diluter 
can be cooled and still maintain the maxi- 
mum number of live sperm, but if this di- 
luted semen is immersed immediately in a 
water bath at 0C. there is a significant de- 
crease in the percentage of live sperm. 


TABLE |*.—influence of Seven Diluters on the Per- 
centage of Live Sperm in Fresh and Stored Bull 
Semen** 


Percentage of live sperm 
Hours in storage 


IN Ohr. 24hr. 72hr. pH O.P.+ 
Undiluted 69.5 22.5 1.9 6.8-7.0 0.608 
GPC 2 49.9 3.3 0.0 5.37 0.465 
GPC 4 48.7 2.9 0.0 5.54 0.489 
GPC 6 52.0 12.8 0.0 6.76 0.475 
GPC 7 62.1 13.3 0.0 5.04 0.587 
Sulfate 70.0 14.1 0.0 5.10 0.624 
Phosfate 69.5 45.3 23.4 7.00 0.587 
Tartrate 72.0 13.0 0.0 5.8 0.604 
Yolk-Phosfate 76.8 74.2 69.6 6.96 0.536 


*Data are the averages of four trials. 
**Collected in Arizona. 


rO.P. = Osmotic pressure: Depression of freezing 


point below that of water (C.). 

GPC-2 equals anhydrous’ glucose, 60 Gm.: 
Na,HPO,.12 H.O, 33.6 Gm.; KH,PO,, 3.2 Gm.; 
CaHPO:, 1.0 Gm.; MgHPO,, 1.0 Gm.; H,O, 2,000 
co. 

GPC-4 equals anhydrous’ glucose, 57 Gm.; 
KH,PO., 1.4 Gm.; Na,HPO,.12 H,O, 34.1 Gm.; 
CaHPO, 0.1 Gm.; MgHPO, 0.1 Gm.; Na,SOu,, 


1.7 Gm.; H,O, 2,000 ce. 
GPC-6, same as GPC-4, 
GPC-T7, same as GPC-6, 

Gm. 

Sulfate equals H,O, 1,000 cc.; Na,SO,, 13.6 Gm. ; 
anhydrous glucose, 12 Gm.; salt-free peptone, 5.0 
Gm. 

Phosfate equals NaHPO,, 1.35 Gm.; KH,PO,, 0.66 
Gm.; H,O, 100 ce. i 

Tartrate equals H,O, 1,000 ecc.: anhydrous 
cose, 12 Gm.; KNaC,H,O,, 25.6 Gm. ; 
tone, 5.0 Gm. 

Egg-Phosfate equals egg yolk, 100 cec.; 
ce.; KH,PO,, 0.2 Gm.; NaHPOs, 0.8 Gm. 


plus lecithin, 2.0 Gm. 
plus salt-free peptone, 20 


glu- 
salt-free pep- 


H,O, 100 


Storage Temperature and Sperm Sur- 
vival.—The results presented in table 4 in- 
dicate, on the basis of percentage of live 
sperm and motility rating, that 5C. was 


superior to any temperature tried for the 
storage of bull semen. 

The samples (0.5 cc. in each case) were 
cooled to the storage temperature in 5(. 
steps of 1 hour duration by immersing them 
in water baths of successively lower tem- 
peratures. After 24 hours storage, the 
samples were warmed to 35C. and the mo- 
tility observed. 


DISCUSSION 


In any study of diluters for mammalian 
semen, a distinction should be made be- 
tween those which act as diluters only and 
those which, in addition, are capable of 
prolonging sperm survival during storage. 
The diluter which is used for dilution only 
might prove satisfactory for immediate in- 
semination, yet possess characteristics that 
are harmful to the sperm. The ideal diluter 
for semen storage must possess the chem- 
ical and physical characteristics capable of 
establishing and maintaining a suitable en- 
vironment for the sperm cell. 

The percentage of live sperm existing in 
the semen samples (table I) immediately 
following dilution would indicate that some 
of the diluents listed may not be harmful 
to sperm if the diluted semen is used for 
immediate inseminations. However, the 
results obtained after 24 and 72 hours 
(table I) indicate that only two of the 
diluters are capable of prolonging sperm 
survival during storage. The two diluters, 
phosfate buffer and yolk-phosfate, possess 
and maintain the proper environment for 
the sperm as indicated by initial pH and 
osmotic pressure (table I) and buffering 
capacity (figure 1). All the other diluters 
studied were deficient in their capacity to 
maintain the pH within the physiological 
range of bull semen during storage (figure 
1). In addition, these diluters except 
GPC 6 had a very low pH (table I). 

Moore and Mayer,'*® and Moore, Mayer 
and McKenzie!? have shown the harmful 
effects of low pH on sperm activity in ram 
semen. In every case, the GPC diluters 
produced definite decreases in motility and 
in the number of live sperm upon addition 
to the semen. The tartrate and sulfate di- 
luters, however, did not produce comparab!e 
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Yolk- Phosphate Diluter - 


——Tartrate Diluter 
A, 
—GPC 4 Diluter 


BUFFERING CAPACITY OF BULL SEMEN AND VARIOUS DILUTERS 


GPC6 Diluter 


“+ / 
A 


3 Phosphate Buffer 


Sulphate Diluter 


GPC 2 Diluter 


20 
cc HCI added 


20 
tes NaOH added 


Fig. |.—Curves showing the changes in pH of bull semen and various diluters induced by the addition 
of measured quantities of N/100 NaOH and HCI. (Buffering capacity). 


‘ABLE Il.—The Percentage of Live Sperm Remaining in Semen Samples* After Cooling at Different Rates 


Storage time 

t oc. 10 20 
9 hrs. 4.4 11.3 
24 hrs. 0.0 3.8 


Intervals between 5 C. steps in cooling 
Minutes 


40 ) 90 


42.5 
33.6 


24.8 
18.6 


Semen collected from bulls in Arizona, average of 3 trials. 


‘reases in motility and number of live 
erm. This suggests their practicability 
‘use in insemination soon after dilution. 
It is suggested, then, that in every diluter 
ed for the storage of bull semen, the pH, 
buffering capacity, and osmotic pressure 
hould be well within the physiological 
nge for these physical characteristics of 
rmal bull semen. 
Very little motility, and a low per cent 
live sperm were found after 24 hours in 
» majority of samples of semen collected 


in Arizona when stored undiluted. How- 
ever, in agreement with the work of Phil- 
lips and Lardy'* and Willett, et al.,*! the 
semen collected in Arizona consistently 
maintained good motility and a high per 
cent of live sperm in yolk-phosfate diluter. 

This is contrary to the behavior of the 
bull semen collected in Missouri which 
stored undiluted satisfactorily for a period 
of several days. Swanson and Herman!’ 
working in Missouri, and Underbjerg and 
Davis'!® working in Nebraska have also re- 
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TABLE II!.—The Percentage of Live Sperm in Undiluted and Yolk-Phosfate Diluted Semen* When Cooled at 


Different Rates 


Intervals between 5 C. steps in cooling 
Minutes 
Storage time Treatment = 
at 0 C. of semen 10 20 40 60 
24 hrs. Undiluted 33.3 38.0 40.5 51.2 
Diluted 61.3 61.5 62.2 62.6 
72 hrs. Undiluted 22.6 32.9 36.0 42.3 
Dilutéd 57.2 57.1 62.1 57.4 
216 hrs. Undiluted 15.6 20.8 24.7 32.4 
Diluted 56.0 57.8 60.4 56.9 
*Semen collected from University of Missouri bulls, average of 2 trials. 


ported the satisfactory storage of undi- 
luted bull semen for periods of 24 hours 
and _ longer. Conversely, Phillips and 
Lardy't in Wisconsin and Willett, Fuller, 
and Salisbury?! in New York indicated the 
necessity of the yolk-phosfate diluter for 


which the effects of the rate of cooling on 
yolk-phosfate diluted and undiluted semen 
were compared, rapid cooling was again 
shown to decrease the percentage of sperm 
surviving storage in undiluted semen 
(table III). However, as previously re- 


TABLE IV.—The Percentage of Live Sperm and Motility Readings of Bull Semen* Stored at Various Tem- 


peratures 
Storage Temperatures 
Storage time 20C 15C. 10C., 5C 0C, 
8 hrs. 76.0 72.2 67.1 75.2 66.5 
24 hrs. 42.4 25.4 46.6 63.0 50.4 
Motility rating after 24 hrs. 0 1 2 3 2 


*Semen collected from bulls in Arizona, average of 


the satisfactory storage of bull semen dur- 
ing similar periods of time. 

Undiluted bull semen is very sensitive 
to the effects of rapid cooling, especially at 
lower temperatures. The results in tables 
II and III show a definite relation between 
the rate of cooling a semen sample and the 
number of sperm surviving after storage. 
In table II, the effects of the most rapid 
cooling rate are strikingly illustrated by 
the very low percentage of sperm surviv- 
ing a nine-hour storage period and the 
complete absence of live sperm after 24 
hours of storage. The data in this table 
also point to the increase in the percentage 
of sperm surviving storage as the rate of 
cooling was progressively decreased. The 
maximal percentage of sperm survival was 
reached when thé interval between succes- 
sive 5 C. steps was 90 minutes. 


In a second series of experiments, in 


2 trials. 


ported by Lasley, et al.,> semen diluted with 
yolk-phosfate buffer not only had a higher 
percentage of live sperm after storage than 
any of the undiluted samples, but the num- 
ber of live sperm remaining was the same 
whether the sample was cooled rapidly or 
slowly. 

In addition to the effect of the rate of 
ccoling, the number of sperm surviving 
storage is also influenced by the storage 
temperature. The results of an experi- 
ment, in which the rate of cooling was kept 
constant (table IV), indicate, on the basis 
of the percentage of sperm surviving and 
motility rating, that 5C. was superior to 
the other temperatures tried for the storage 
of undiluted bull semen. Bacterial growth 
was very great in the samples which were 
stored at the higher temperatures (15 C. 
and 20C.). Gunsalus, Salisbury and Wil- 
lett® state that the storage temperature 
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st be 5 C. or lower to py'event rapid bac- 

vial growth. The slower growth of bac- 

ia at 5C. may be a factor favorably in- 
neing the storage of undiluted semen at 
is temperature. 

Semen diluted with yolk-phosfate appar- 
ently is not influenced to the same degree 
as undiluted semen by the temperature at 
which it is stored. 


CONCLUSIONS 


In the preparation of semen diluters, the 
physical and chemical characteristics should 
be given careful consideration, particularly 
if the diluted semen is to be stored. 

30th phosfate buffer and yolk-phosfate 
diluter possessed and maintained the phys- 
ical characteristics—pH, osmotic pressure, 
and buffering capacity—adequate for the 
proper storage of bull semen. 

Only the yolk-phosfate diluter protected 
the sperm from the detrimental effects of 
rapid cooling. In addition, the influence of 
storage temperature upon sperm survival 


was definitely reduced by dilution of bull 
semen with yolk-phosfate. 

In the storage of undiluted bull semen, a 
definite relationship exists between the rate 


of cooling and sperm survival. The rate of 
cooling most satisfactory for undiluted 
semen was that of 5C. steps at 90 minute 
intervals. 
On the basis of motility and sperm sur- 
val, 5C. proved to be the best tempera- 
re for the storage of undiluted bull! 
men. 


Evidence from the results of the present 
vestigation and those of other investiga- 
rs has been cited indicating differences 
the storage potentialities of bull semen 
idied in different localities. 
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The Normal Cerebrospinal Fluid Pressure and a Method for Its 


Determination in Cattle 


J. F. SYKES, Ph.D., and L. A. MOORE, Ph.D. 
E. Lansing, Mich. 


DURING THE COURSE of some experimental 
work in which the relationship of vitamin 
A deficiency to cerebrospinal fluid pressure 
was being investigated (Moore and Sykes'), 
it became necessary to develop a method for 
determining the pressure of this fluid in 
cattle. The method adopted and the values 
obtained with this procedure are described 
below. 

The recording of spinal fluid pressures 
in this work was first attempted by lumbar 
puncture. However, in spite of the fact that 
no difficulty was experienced in puncturing 
the spinal canal, it has so far proved im- 
possible to obtain spinal fluid by penetrat- 
ing this region. This is probably due to 
the fact that the spinal cord extends much 
farther caudally in cattle than it does in 
the human subject. Puncture into the 
subarachnoid space was then attempted 
through the dorsal opening of the atlanto- 
occipital articulation and in this location 
no difficulty has been experienced in ob- 
taining spinal fluid. 

It early became evident that the animals 
must be kept in the standing position to 
obtain normal pressure values. When the 
animals were cast, pressures exceeding 300 
mm. of saline were recorded. The pressure 
of these same animals in the standing posi- 
tion was approximately 100 mm., and in 
view of the reported values for other species 
(1 to 7), these seemed more nearly correct. 
The pressure produced by the abdominal 
contents was responsible for the high spinal 
fluid pressures which were recorded when 
the animals were lying on the side. A sim- 
ilarly high spinal fluid pressure can be pro- 
duced with the animals in the standing 


Journal article No. 551, n. s., of the Michigan 
Agricultural Experiment Station; contribution from 
the Departments of Physiology and Dairy Hus- 
bandry. 

1Moore, L. A., and Sykes, J. F.: Am. J. Physiol., 
exxx (1940), p. 684. 


position by increasing manually the pres. 
sure within the abdominal cavity. 

The details of the method finally adopted 
for determining the pressure of the cere- 
brospinal fluid are as follows: 

Restraint is applied by two attendants. 
One attendant faces the animal and draws 
the head tightly toward his abdomen and 
chest with his arms over the horns, if 
present, and his hands locked under the jaw. 
During insertion of the needle the head is 
flexed slightly, but once the puncture has 
been made it is held in the normal position. 
The head is held as steady as possible. The 
second attendant applies whatever further 
restraint is necessary. Every precaution 
must be taken to see that the animal is 
standing naturally, is offering no resistance 
to the attendants, and is not visibly ex- 
cited when the record is taken. 

No anesthetic is necessary in making the 
determination. Local anesthesia usually 
causes more excitement and resistance than 
the procedure itself. With a little train- 
ing, calves submit to this procedure with- 
out undue resistance in most cases, and 
generally, once the puncture has been made, 
they stand quietly with no visible signs of 
excitement. Restraint is more difficult in 
mature animals, however. If the animals 
have not become accustomed to the proce- 
dure during their development, this method 
is not recommended unless they are un- 
usually docile. 

Sixteen-gauge hypodermic needles with a 
short bevel are used. In young animals, a 
75 mm. needle is sufficiently long, but in 
larger calves and mature cows, a 100 mm. 
needle must be used. In instances where 3 
considerable crest has developed, the 100 
mm. needle may not be of sufficient lengt"), 
and obviously no determinations can | 
made unless the pressure exceeds norm:l 
values and a longer needle is employed. A 
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ts 


—After Sykes and Moore, 1942 


Fig. |.—Demonstrating the use of the manometer in determining the cerebrospinal fluid 
pressure in a Holstein-Friesian calf. 


vlet of the exact length and gauge of the 

edle is left in the needle during the in- 
sertion to prevent blockage and escape of 
luid, 

Insertion is made through the dorsal 

ening of the atlanto-occipital articulation. 

e point of insertion through the skin and 

derlying tissues is located on the mid- 
line, 2 to 3 inches posterior to the attach- 
ment of the ligamentum nuchae and in a 


line with anterior prominences of the atlas. 
When the point of the needle has reached 
the level of the vertebral column, the open- 
ing is found by moving the point back- 
ward and forward. If the penetration is 
made as outlined, the opening will be di- 
rectly below it. The needle is gently passed 
through the opening in the articulation. 
Its emergence is signaled by a freer pas- 
sage of the needle. Extreme care now must 
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be exercised for the puncture of the dura 
and arachnoid coats, in order to prevent 
damage to the spinal cord. A rather quick 
jab, traveling only 1 or 2 mm., is to be 
preferred to a slow, steady push. It is im- 
portant that the point of entrance be on the 
median line. If the point of the needle be- 
comes deflected to one side or the other, 
the puncture causes hemorrhage which 
makes a measurement of pressure impos- 
sible until the bleeding has ceased. 


When the puncture has been made, the 
stylet is withdrawn and the needle con- 
nected by rubber tubing to a manometer of 
2 mm. bore. The tubing and manometer 
are completely filled before attachment with 
0.85 per cent saline, which is retained by a 
pinch cock on the rubber tubing. The side 
arm of the manometer is set at approxi- 
mately the same leved as the hub of the 
needle, the free end of the connecting tube 
held unattached on a level with the hub of 
the needle, and the pinch cock released. 
When the saline in the manometer reaches 
a constant level, the zero point of a sliding 
scale is adjusted to this level and attach- 
ment to the needle is then made. The pres- 
sure recorded on the manometer, plus the 
length of the needle, is the spinal fluid 
pressure. The manometer is left attached 
to the needle long enough for any excite- 
ment effects which may not be noticeable 
externally to subside, and the lowest con- 
stant value is recorded. After the record is 
obtained, the tube is detached and the zero 
level checked. Fig. 1 shows the arrange- 
ment of the apparatus. 

While records obtained in this way may 
not be absolutely accurate since it is prac- 
tically impossible to immobilize the head 
completely, it is believed that they are ac- 
curate to within a few millimeters. The 
values obtained in normal calves do not 
show marked variations in the same animal, 
nor from animal to animal, and are within 
the normal limits as given for the human 
subject and the dog (100 to 130 mm. of 
saline). The values shown in table I, which 
were obtained on three animals, are typical. 
These values were obtained at 1- or 2-week 
intervals. 


TABLE |.—Cerebrospinal Fluid in Calves Taken a: 


Frequent Intervals 


—ANIMAL 411— —ANIMAL 432— —ANIMAL 430- 


Days Days Days 

old P. S. old old P.S 

492 100 86 115 48 93 

502 110 93 90 62 90 

516 103 101 110 89 95 

531 87 108 100 103 103 
115 95 121 105 
126 110 123 110 
140 105 

P, S.—Pressure mm. saline. 


NORMAL CEREBROSPINAL FLUID PRESSURE 
OF CATTLE 


Using the method outlined above, pres- 
sures have been obtained on 21 cattle rang- 
ing in age from 30 to 700 days. Successive 
records over considerable periods have been 
recorded for many of these individuals. 
The pressures recorded at various age levels 
are shown in table II. 


TABLE I!.—Cerebrospinal Fluid Pressures in Cattle at 
Various Age Levels 


Age Age Age Age Age 
<100 100-200 200-300 300-500 500-700 
days days days days days 
(mm. (mm. (mm. (mm. (mm. 
Saline) Saline) Saline) Saline) Saline) 
115 120, 120 80 110 97 

93 100, 110 90 120 120 


135 150, 108 100 97 127 
107 95, 95 120 100 90 
85 125, 110 130 115 110 
93 105, 105 100 100 110 
90 75, 130 150 103 
95 85, 100 90 125 
125 85, 100 95 107 
100 80, 103 110 122 
90 95, 105 85 110 
90, 110 103 
105, 115 87 

120, 105 

90, 120 

105, 85 
Ava. 102.6 104.6 107.0 108.5 


107.7 


The average cerebrospinal fluid pressur: 
for all the determinations was 105.1 mm. o! 
saline. The minimum value obtained was 
80 mm. and the maximum 150 mm. (2 in 
stances). 

Table III illustrates the relative con- 
stancy of the cerebrospinal fluid pressuré 
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in individual animals during at least the 
first year of development. 


TABLE I11|—Cerebrospinal Pressure Values During ihe 
First Year of Development 


A IMAL 437 ANIMAL 441 Animal 456 ANIMAL 457 
Days Days 
P.S. old 


80. 


110 
85 
90 

105 

105 


P. S.—Pressure mm. saline. 


DISCUSSION OF RESULTS 


While it would seem desirable to have 
some good method for checking the accuracy 
of the method described in the first section 
of the paper, it is thought that the values 
reported are at least reasonably close to the 
actual cerebrospinal fluid pressure of 
cattle. A few observations made with other 
types of manometers always gave good 
checks, and the constancy of the values 
shown in tables I and III certainly indicates 
that results are reproducible by this 
method and would also suggest that the 
method is capable of recording the actual 
pressure. Data on larger numbers are 
needed, of course, before these conclusions 
‘an be considered exact. 

Our experience with puppies has sug- 


gested that the cerebrospinal fluid pressure 
in young calves might be somewhat lower 
than that of more mature animals. For 
that reason the data in table II were ar- 
ranged as shown. The data presented there 
certainly offer no suggestion that the 
cerebrospinal pressure varies with age. The 
data in table III likewise show that the 
pressure in individual animals remains con- 
stant at least up to one year of age, and 
comparison of the data with the pressures 
recorded for the 500- to 700-day group 
(table II) suggests that it remains constant 
practically until maturity. 


SUMMARY 


A method for measuring the cerebrospinal 
fluid pressure in the bovine species is de- 
scribed. 

Using this method, it was found that the 
average pressure in cattle up to two years 
of age was 105.1 mm. of saline. The mini- 
mum value observed was 80 mm. and the 
maximum 150 mm. 

The data suggest that the cerebrospinal 
fluid pressure of cattle does not vary with 
age, at least for the first two years of life. 
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An Anomaly in Hog Hearts: Defectus Interventricularis Septi 


BERNARD MEYEROWITZ, V.M.D. 
Chicago, Ill. 


CONGENITAL anomalies of the heart, as far 
as my observations extend, appear to be 
prevalent in hogs and include various con- 
ditions. Some of the defects I have observed 
are: patent foramen ovale, patent ductus 
arteriosus, abnormalities of the pulmonary 
and aortic valves in the form of two leaf- 
lets, fenestration of the leaflets in the part 
between the free edge and the line of 
closure, fibrous cords stretching from one 
part of the surface to another in the ven- 
tricles, deficiencies of the interventricular 
septum, and aneurysms of the aortic and 
pulmonary arteries. 

The following is a discussion of patencies 
of - the interventricular septum in hog 
hearts. The cases hereinafter described, to 
which have been assigned numbers, are con- 
sidered typical and were encountered dur- 
ing routine postmortem meat inspection. It 
would be well to make clear at the be- 
ginning that all hogs affected with the 
patency of the interventricular septum were 
in apparently good condition; however, it 
was evident that the reserve power of these 
hearts is lessened. 

Hog 1.—The heart from this animal, a 
250-lb. sow, is pictured in the accompany- 
ing photographs and a normal heart is used 
for comparison. It shows the left ventricle 
greatly hypertrophied and dilated, especial- 
ly at its base. The apex of the heart was 
blunt. The caliber of the aorta, as well as 
of the pulmonary artery, was about twice 
as large as normal. The aorta was affected 
from the sinus arteriosus to the region of 
the ligamentum arteriosum and the pul- 
monary artery was affected from the conus 
arteriosus to the ligamentum arteriosum. 
Probably because of the spiral arrangement 
of the cardiac muscle, the entire heart was 
hypertrophied, the greater effects be- 
ing evidenced on the part receiving the 
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greater stress of work. In this case, it was 
the left ventricle, for there was apparently 
a venous arterial shunt. The foramen per- 
mitted the escape of some of the venous 
blood directly into the arterial blood of the 
left ventricle, producing great pressure in 
the region of the aortic valve. Hence, the 
left ventricle was greatly hypertrophied 
over its entire extent, and more so at the 
base, as prominently evidenced externally by 
a bulge in the region of the coronary groove. 
It is apparent that the papillary muscles of 
the left ventricle are greatly hypertrophied 
and the chordae tendinae are markedly 
lengthened and thickened. It is also evident 
that the mitral valve and aortic cusps are 
abnormally dilated and thickened. In addi- 
tion, the sinuses of Valsalva are quite 
capacious, the pulmonary valve is enlarged 
and thickened, and its sinuses are corre- 
spondingly dilated. Patency of the interven- 
tricular septum has been seen on numerous 
occasions in hogs and some representative 
cases will be described. 

Hog 2.—In this animal, a hog about a 
year old, the heart was slightly hyper- 
trophied and dilated, especially on the left 
side, These were the first abnormalities that 
attracted my attention. An interventricular 
septum patency was directly below the aor- 
tic valve on the left side and was about *. 
inch in diameter. On the right side of the 
interventricular septum, the foramen was 
about %4 inch in diameter and was covered 
by a slightly malformed right tricuspid 
valve. An unusually thin moderator band 
was found attached in the region of the 
patency of the interventricular septum. Two 
cusps, slightly fenestrated, made up the 
aortic valve, and the valve itself was 
markedly thickened. 

Hog 3.—In a hog about a year old there 
was an extensive dilatation of both auricles 
associated with a hypertrophy of both 
ventricles, The interventricular septum 
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Hog !—Exterior view. 


Left heart, normal; right heart—hypertrophic due to interventricular septum 


patency. 


‘oramen was below the aortic valve on the 
ft side of the septum and below the pul- 
mary valve on the right. There was a 
iffuse aneurysm of the aorta which extend- 
from the sinus arteriosus to the liga- 
1entum arteriosum, The aneurysm was as- 
iated with an extensive sclerosis of the 
‘tic and mitral valves. This heart anom- 
was found during examination of the 
v, which was retained and condemned for 
epticemia. 
Hog 4.—-This hog was about a year old. 
he interventricular septum of the heart 
sented quite a large patency, fully 4 
ich in diameter, below the aortic valve. In 
addition, there was an open foramen ovale. 
‘he entire heart was dilated and hyper- 
‘ophied; however, the change in size was 
lore marked in the right auricle and right 
itricle. The point of the right ventricle, 
ng level and on an even plane with the 
nt of the left ventricle, produced a 
square-shaped apex. Both ventricles showed 


moderator bands which were hypertrophied. 
The papillary muscles of the right 
ventricle were markedly hypertrophied. 
An aneurysm was found at the origin of 
the pulmonary artery. The defect of the in- 
terventricular septum in this case was be- 
low the aortic and pulmonary valves. There 
was a sclerosis of the aortic, pulmonary and 
right tricuspid valves. This heart pres- 
ented evidence of an arterial-venous shunt 
of blood. 

Hog 5.—In this hog, a young animal, 
there was a globular-shaped heart associ- 
ated with a very slight fofamen of the in- 
terventricular septum. This patency was 
about 4% inch in diameter. 

Hog 6.—In a young hog, the left ventricle 
of the heart was hypertrophied and bulged 
in the region of the coronary groove. The 
apex was rounded and there was a diffuse 
aneurysm at the origin of the pulmonary 
artery, extending from a prominent and 
enlarged conus arteriosus to the ligamen- 
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Hog !—Interior of left ventricle exposed. Heart to left, normal; heart to right—arrow points to 
interventricular patency. 


tum arteriosum. All the changes in the 
heart associated with this abnormality of 
the interventricular septum were probably 
due to an arterio-venous shunt of the cir- 
culation. 

Hog 7.—In a young hog, there was an 
extensive diffuse aneurysm of the origin of 
the pulmonary artery, extending from the 
conus arteriosus to the ligamentum arteri- 
osum. The right ventricle was hypertro- 
phied and enlarged. A foramen was found 
in the interventricular septum. Two cusps 
made up the pulmonary valve; that is, the 
two posterior cusps were united into one 
large cusp. The moderator band was placed 
high up in the right ventricle and was un- 
usually short and thick. There was a slight 
fibrosis of the epicardial surface of the 
apex. The apex presented a square-shaped 


appearance, probably due to the fact that 
the right ventricle extended as far down as 
the left ventricle. 

Hog 8.—In a young hog, there was car- 
diac hypertrophy; that is, the heart was 
about four times its normal size. There 
was an extensive dilatation of both auricles 
and an unusually large patency of the in- 
terventricular septum below the aortic 
valve. The foramen was about one inch 
in diameter. 

Hog 9.—In a young hog, there was : 
patency of the interventricular septum of 
the heart which was % inch in diameter 
and below the aortic valve on the left sice. 
The foramen opened in the region of 
the tricuspid valve on the right si 
In this hog there were dilatation of tye 
pulmonary artery at its origin and fibro 
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AN ANOMALY IN HoG HEARTS 


Hog I—Inierior of right ventricle exposed. Heart to left, normal; heart to right—arrow points to 
interventricular foramen. 


of the pulmonary valve. The fibrosis ex- 
tended into and markedly involved the ven- 
tricular wall. In association with a thick- 
ening of the right tricuspid valve, there 
were dilatation and hypertrophy of the 
‘ight auricle and right ventricle. The 


foramen ovale had not completely closed, 


but left a slight patency. 

Hog 10.—In a young hog, the heart was 
slightly enlarged. The left ventricle was 
especially hypertrophied and dilated, and 
its apex was square. There was a patent 
foramen ovale and an open interventricu- 
lar septum that was very large, being about 
“4, inch in diameter. The foramen was be- 
low the aorta on the left side of the inter- 
ventricular septum and was covered by the 
right tricuspid valve on the right side of 
the septum. The pulmonary artery was 
‘xtensively dilated and the pulmonary valve 
vas markedly stenotic, being thickened, 
nalformed and fibrotic, with two of the 
sinuses contracted. The right tricuspid 
alve was malformed and thickened. The 
‘ight auricle was slightly elongated and 
here was a slight fibrosis on the epicardium 
f the apex. 

Hog 11.—In a young hog, there was an 
xtensive diffuse aneurysm of the origin 
f the pulmonary artery, extending from 
he conus arteriosus to the ligamentum ar- 
eriosum. This aneurysm was associated 


with an open interventricular septum which 
vas about an inch below its usual place on 
the left side of the septum. There was a 
thick moderator band. The right ventricle 
was dilated and hypertrophied. The aortic 
valve showed fibrous strands extending to 
and adhering to the region of the patency, 
causing tension near the coronary artery. 

Hog 12.—In a young hog, the interven- 
tricular septum presented a small opening 
which was about %& inch in diameter be- 
low the aortic valve on the left side of the 
septum. The foramen ovale showed two 
small patencies near the line of closure. 
Both pulmonary artery and aorta were 
larger in caliber than normal at their 
origins. The heart was apparently normal 
in size. 

Hog 13.—In a young hog, the left ven- 
tricle was dilated and hypertrophied and 
the apex was square-shaped. There was 
an unclosed foramen ovale and the right 
auricle was enlarged and dilated. There 
was a small patency of the interventricular 
septum to the left of the moderator band 
on the right side of the heart, and another 
on the right side of the heart which was 
larger and in the region of the tricuspid 
valve. Both communicated with a foramen 
of the interventricular septum opening 
into the left ventricle. This flaw was be- 
low the aorta and quite large. The mod- 
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erator band was hypertrophied and the 
right tricuspid valve was malformed. The 
volume of the right ventricle was dimin- 
ished because of the intrusion of the left 
ventricle, which pushed the septum to the 
right because of its dilatation and hyper- 
trophy. The heart was not significantly 
enlarged. 

Hog 14.—In a young hog, the interven- 
tricular septum contained an opening which 
was about *, inch in diameter. It was di- 
rectly below the aortic valve on the left 
side and about an inch below the pulmonary 
artery on the right. One of the aortic cusps 
was stretched and dilated and dipped down 
into the patency; in fact, almost protrud- 
ing into the right ventricle. There was a 
thin line of fibrosis around the conus arteri- 
osus. The pulmonary artery showed two 
cusps which were extensively sclerosed. In 
addition, the origin of the pulmonary artery 
showed a diffuse aneurysm, as did the 
origin of the aorta. Each aneurysm ex- 
tended to the ligamentum arteriosum, the 
former originating at the conus arteriosus 
and the latter at the sinus arteriosus. There 
was some fibrosis in the region of the left 
ventricle below the aortic cusp. The right 
ventricle was enlarged and its apex was 
square, extending as far down as the apex 
of the left ventricle. The right auricle was 
elongated. The coronary artery which ex- 
tended down on the surface of the heart 
toward the apex appeared to be thickened 
and sclerosed. 

According to Levine and Abbott, the fol- 
lowing conclusions appear to be significant 
for patency of the interventricular septum 
when it occurs in man. In man, patency 
of the interventricular septum is quite 
common and ranks next in frequency to 
auricular defects. Foramen of the inter- 
ventricular septum is most commonly as- 
sociated with other abnormalities of the 
heart but may occur as an only lesion.! 


1Levine, Samuel Albert: Clinical Heart Disease. 
W. B. Saunders Co., Philadelphia (1937). 


This condition is localized at the base of 
the heart just anterior to the pars mem 
branacea and opens on the side of the right 
ventricle behind the septal tricuspid seg- 
ment; less commonly it lies more anterior 
and opens into the conus of the right ven- 
tricle (bulbar septal defect), or in a few 
rare cases it may lie in the lower part of 
the septum.- Fibrosis on the inner wal! 
of the ventricles directly opposite the 
patency of the interventricular septum in- 
dicates constant jets of blood striking that 
part as it comes from the opposite ventri- 
cle. Dilatation and hypertrophy accompany- 
ing this condition may be present to a 
greater or lesser degree, depending upon 
the size of the opening and the amount of 
blood shunted to either side. If the volume 
of blood is sufficiently large, it may cause 
enlargement of the pulmonary artery when 
the strain is on the left ventricle. Very 
large defects often lead to considerable car- 
diac enlargement, but they are often com- 
plicated by other conditions. Congenital 
defects may result in insufficiencies, venous- 
arterial shunts, arterial-venous shunts, etc. 
My observations lead me to believe that the 
conclusions as described above for man also 
hold true for hogs. 


SUMMARY 


1. Fourteen hogs, presenting patency of 
the interventricular septum as found on 
routine postmortem meat inspection, are 
discussed. 

2. All the animals were young, and ap- 
parently the anomaly did not affect their 
physical condition. 

3. The writer’s observations appear to 
indicate that congenital anomalies are prev- 
alent in hogs. 

4. The same conclusions described in 
man for patency of the interventricular 
septum also hold true for the condition of 
the hog. 

2Abbott, Maude E. Seymour: Atlas of Congenita 


Heart Disease. American Heart Association, New 
York (1936). 


MetHops for the determination of hemo- 
globin in mammalian blood have been ex- 
tensively investigated, but the literature 
ontains only meager data concerning its 
‘stimation in the blood of the domestic 
fowl, as is shown in table I. In this table, 
to facilitate comparisons of the hemoglobin 
values reported by different investigators, 
all of the values which were presented in 
per cent have been converted into grams of 
hemoglobin per 100 cc. of blood.'* From 
these data, it is seen that values, ranging 
from 6.56 Gm. to as high as 18.6 Gm. of 
hemoglobin per 100 cc. of blood, have been 
reported. Some of this variation may be 
due to differences in age, sex, and the 
environment of the chickens used. How- 
ever, a comparison of the values given for 
hemoglobin in the adult male shows that 
the still-existing variation may be _ in- 
fluenced by the methods employed. 

In view of these diverse results of at- 
tempts to apply to chickens the methods 
used for determining hemoglobin in mam- 
malian blood, it seemed advisable to make 
further studies and to compare several of 
methods which are in common use. 
Some of the objectives of these studies are: 
1) to determine which, if any, of the exist- 
ing methods are adaptable to the chicken; 
2) to find an explanation for the failure of 
the methods which are considered as most 
reliable for mammalian blood to give 
equally reliable results with chicken blood; 

to develop modifications of existing 
methods or to devise different and practical 
procedures by which the hemoglobin con- 
tent of chicken blood may be accurately 
determined; and 4) to establish standards 
for normal hemoglobin values of chicken 
blood. 

A careful review of the literature re- 
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vealed that much of the difficulty in the 
determination of hemoglobin in chicken 
blcod was probably reiated to the peculiari- 
ties of constitution of chicken blood cells 
and of the behavior of the blood elements 
when subjected to the procedures for hemo- 
globin determination of mammalian blood. 
The more significant of these will be briefly 
described. 

One of the difficulties encountered in deter- 
mining the hemoglobin content of chicken 
blood by the Van Slyke method is the 
ropy, slimy gel which forms upon hemolysis. 
Schultze and Elvehjem,*®? Klein, Hall and 
King*! concluded that the method did not 
give consistent results because of incom- 
plete hemolysis and the trapping of oxygen 
by the gel. Another disadvantage of the 
Van Slyke method is the time involved in 
making the test. 

The determination of hemoglobin from 
the iron content of a blood sample gives in- 
accurate results with chicken blood because 
of the nonhemoglobin iron in the red blood 
cells, as was shown by Barkan? and Win- 
garden and Borsook.*®? The former reported 
the amount of such iron to be from 4 to 6 
per cent of the total and the latter, using 
2 chickens, 5.3 and 5.4 per cent, respectively. 

The colorimetric-acid-hematin methods 
consist essentially of converting the hemo- 
globin of a blood sample to acid hematin 
with a mineral acid and comparing the color 
with a standard. Although, ordinarily, the 
solution of acid hematin prepared from 
mammalian blood by this method appears 
clear, Terrill>® found that turbidities did 
occur and that their extent was not propor- 
tional to the amount of hemoglobin present. 
Avian blood presents a far greater problem 
since the turbidity is much more pro- 
nounced, making color matching extremely 
difficult and the resulting hemoglobin values 
teo high. Dukes and Schwarte’® report that 
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the suspended substance is probably caused 
by the abundance of nuclear material. In 
an attempt to compensate for the high 
hemoglobin values, they introduced a cor- 
rection factor for the presence of the tur- 
bidity, but whether the factor is elastic 
enough to compensate for the wide varia- 
bilities that occur has not been shown. 

Schultze and Elvehjem*? devised a modifi- 
cation of Newcomer’s method for use with 
chicken blood in which a clear solution of 
acid hematin was produced by first laking 
the blood in a dilute solution of ammonia 
before acidulating with hydrochloric acid. 

The production of a stable and clear 
standard is one of the greatest problems in 
any colorimetric method of determining 
hemoglobin. Since the introduction, in 
1878, of picrocarmine for this purpose, 
many standards have been proposed for 
matching the color of acid hematin or some 
cther hemoglobin derivative prepared from 
whole blood.*. 6 14. 24, 42, 48 Some of these 
are prepared as solutions and others are 
cclored glass, but both types have certain 
disadvantages. Objections to the use of 
liquid standards for hemoglobin determina- 
tions are the amount of work required in 
their preparation and the necessity of con- 
stant checking for deterioration of the 
solutions. This {s especially true of those 
prepared from blond itself. Another disad- 
vantage is that the artificial standards do 
aot have the same light absorption through- 
out the visible spectrum as hemoglobin or 
the derivatives prepared from blood. 

The Dare hemoglobinometer® is one of the 
oldest instruments which employs a colored 
glass standard, but more _ satisfactory 
methods have since been developed. 

Newcomer*® obtained a high transmission 
yellow glass of 0.96 mm. thickness with 
nearly the same absorption zone in the 
visual portion of the spectrum as acid 
hematin. Although the merits of this 
standard are recognized by most investiga- 
tors, some disadvantages have been cited. 
Osgood and and _ Robscheit* 
pointed out that the paleness of the yellow 
color of the Newcomer disc made it difficult 
to distinguish with certainty small dif- 
ferences in the acid hematin solutions. 


Thicker glass (1.02 mm.) was found even 
more unsatisfactory, and for this reason 
they favored the liquid standards. 

Another disadvantage in the Newcomer 
standard is the variability in the yellow 
glass discs. Elvehjem'- found differences of 
as much as 12 per cent in determinations 
of hemoglobin with various discs. To avoid 
this error, he advised that each disc be 
standardized with acid hematin solutions 
of known hemin and iron content. 

Keilin®® found that acid or alkaline 
hematin solutions prepared from either 
hemin or hemoglobin had the same absorp- 
tion spectrum. This made it possible to 
use pure hematin solutions for standards in 
hemoglobin determinations. 

A more recent development in the quanti- 
tative measurement cof hemoglobin in di- 
luted whole blood or its derivatives is the 
use of a light-sensitive cell. One such in- 
strument (and the one used in the studies 
reported here) is the Sheard-Sanford 
photelometer.**: 45. Hemoglobin determi- 
nations with this instrument are based upon 
the measurement of current produced by 
the emergent light from a ccnstant source 
on a photronic cell after the light has passed 
through a diluted sample of blcod, or one of 
its derivatives, and a selective absorption 
filter. Sanford and Sheard report a per- 
centage of error not to exceed 4 per cent, 
and averaging less than 2 per cent, when 
hemoglobin determinations by their method 
are compared with those made by the Van 
Slyke method. This degree of error is less, 
both in average amount and in limits of 
variability, than visual methods since accu- 
racy of such comparisons is so greatly in- 
fluenced by the sensitivity to color of the 
eyes of different individuals. Mellon,*® in 
his discussion on the status of colorimetry, 
states that a lower percentage error may 
be expected with a well-designed photoelec- 
tric instrument than with a visual colorim- 
eter, due to the greater sensitivity of the 
former. 


EXPERIMENTAL CHICKENS 


All birds in this experiment were sing’ 
comb White Leghorn pullets, from 6 to 
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8 weeks of age. A constant supply of 
birds of this age was maintained by ob- 
taining day-old chicks every six weeks. 
These were reared in battery brooders and 
fed an all-mash ration, which, through sev- 
eral years of usage, had been found to pro- 
vide ample nourishment. 


BLEEDING TECHNIQUE 


When blood was needed for determina- 
tions, 5 or 10 chicks were brought to the 
laboratory. After being bled, they were 
placed in an isolation unit until the next 
bleeding date. The same birds were bled 
at intervals of not less than three days 


until the age limit of 56 days was reached. 
The blood was obtained by making a punc- 
ture in the wing vein, large enough to in- 
sure a free flow. The first few drops were 
discarded. Duplicate samples for all meth- 
ods were taken from each bird at each 
bleeding. 


METHODS FOR DETERMINATION 
OF HEMOGLOBIN 


Comparison was made of six methods for 
the determination of hemoglobin. They 
were the Dare,® Haden-Hauser,”®: 2! New- 
comer,*® as modified by Schultz and Elveh- 
jem,°? Sanford-Sheard,** and the acid and 


TABLE !.—Hemoglobin Content of Chicken Blood as Reported by Various Observers 


HeMoOGLOBIN—PeER Cent or Go. PER 100 cc. or BLoop 


AVERAGE Hp 


OBSERVER YEAR AVERAGES AS RANGE AS in Gs. Per} Metuop |NuMBER | NuMBER AGE 
REPORTED REPORTED 100 Mi. | DETER Birps Sex 
1886 16.75 Gm. 15.0—18 .0% 16.75 Spectro Norm.* +* 
Filerman and Bang!! 1908 | 58.0% | 50.0—65 0% 10 03 Sahli Norm. 
Hirschfeld®* 1909 60.0% | 10.38 Sahli Norm. 
schmeisser®! 1915 65.0% 60 .0—70 .0% 11 25 Sahli Norm. 
Burnett 1917 76.0% 48.0 0% Norm. 
Mack* 1917 87.3% Norm. 
Fritsch! 1920 | 12.3Gm 12.3 Hufners | 10 10 | Ad. M, 
9.6 Gm. 9.6 10 10 | Ad. F. 
Klieneberger and Carl*? 1927 62.0% 54.0—85 .0% 10.73 Sahli Norm 
Hayden 1927-28 | 74.0% 70.0—80.0% |..... 10 | #10 |AdF. 
Forkner!® 1929 | 62.9% 46 .0—77 .0% 10.64 | Newcomer | 29 11 Ad. M. 
Bayon! 1930 | 60.0% 10.38 | Sabli \Norm. Ad 
Hart and Others* 1930 : | 6.0—7.0 Gm. | ‘ Newcomer | Norm. Chix 
Dukes and Schwarte!® 1931 9.8.1 Gm. 9.8+.1 |Improved 304 304 Ad. F. 
8.9+.7 Gm. | 8.9+ 7 |Newcomer 101 | 101 Yo. F 
13.5+.2 Gm. | 13.5+.2 |Method {| 26 | 26 Ad. M. 
Giriseh!§ 1931 |...............| 97.5—107.5% | 16.9—18.6 |Sahli Norm. |.... Ad. M. 
| 95.5—105.5% | 16.5—18.3 | Norm. | Ad. F. 
Romer | 1931 | 75.0% 12.98 |Sabli Norm. | 
omsen and Engelbreth- | | | 
Holm5* 1931 50.0% 8.65 Sahli |Norm. Ad. 
Fenstermacher!5 1932 76.0% 63.0—90.0% | 12.16 'Dare | 120 12 
Harmon, Ogden and 
Cook?? 1934 41.0% 6 56 |Dare 7 7 Ad, M. 
Cook and Harmon* | 
1933 12.4+.34 Gm. | 9.8—14.1Gm.; 12.4+.34 5 5 Ad. Cap 
14.3 =.29 Gm. |10.6—16 8 Gm. 14.3 + .29 11 11 Ad. F 
8.2.12 Gm. | 4.0—12.2 Gm. | 8.2.12 |Dare 64 64 Ch. F 
7.5.10 Gm. | 4.4—10.2 Gm. | 7.5.10 | 69 69 Ch. M. 
11.0+.06 Gm. | 5.3—19.0 Gm. 11.0+.06 606 606 Ad 


imes, Pigott and 


‘ampbell?? 

1933 9.7 Gm 

9.6 Gm. 

10.1Gm 

9.7 Gm. 
Cook and Dearstyne’ 1934 | 14.75—1 
| 7.0 —1 
nzagal® 1935 | 9.34 

_ 10.80 


**No data. 
*Number of chickens not reported. The values given represent the observer's conclusion that the 


imber of chickens used constituted a suitable sample, 


9.7 |Modified | Norm. Norm. 42Da.M 


9.6 iSahli Norm. Norm. 42 Da. F 

| 10.1 Norm. |Norm. | 84Da.F 

9.7 Norm. Norm. | 84Da.F 
5.5Gm.} ....|Newecomer | 5 | 5 Ad, M 
5.0Gm.| |Newcomer | 75 } 75 Ad. F. 
10.80 | 2 Mo. 
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alkaline hematin photelometric methods 
which are discussed in this paper. 

The Dare instrument was of recent man- 
ufacture. The disc was calibrated on the 
basis of 16 Gm. of hemoglobin per 100 cc. 
of blood. The same capillary cell was used 
throughout the experiments.”° 

The dilutions for hemoglobin determina- 
tions with the Haden-Hauser instrument 
were made with a 1:10 Thoma white cell 
or Trenner pipette. Infrequently, a 1 : 20 
dilution was necessary for those individuals 
having a high hemoglobin value. 

For the modified Newcomer method, 1 to 
251 dilution pipettes of 5 cc. capacity were 
used. The concentrated hydrochloric acid 


TABLE !1.—Conversion of Photelometric Readings of 
Acid Hematin Into Gm. of Hemoglobin per 100 cc. 


of Blood 

= & & & 

A, * Ay A, * Ay 

* * * * * 
40.0 14.24 45.5 11.82 51.0 9.68 56.5 7.81 
40.5 14.00 46.0 11.63 51.5 9.52 57.0 7.64 
41.0 13.77 46.5 11.42 52.0 9.30 57.5 7.50 
41.5 13.51 7.0 11.16 52.5 9.11 58.0 7.36 
42.0 13.34 47.5 11.01 53.0 8.95 58.5 7.24 
42.5 13.10 48.0 10.80 53.5 8.78 59.0 7.12 

3.0 12.86 48.5 10.63 54.0 8.59 59.5 6.88 


3.5 12.67 49.0 10.44 54.5 8.45 60.0 6.69 
44.0 12.49 49.5 10.25 55.0 8.26 60.5 6.55 
44.5 12.27 50.0 10.04 55.5 8.14 61.0 6.41 
45.0 12.06 50.5 9.83 56.0 7.95 61.5 6.22 


*Phl—Photelometer readings. 
**Hb—Grams of hemoglobin per 100 cc. of blood. 


was added to the laked blood sample from 
a microburette. The color intensity of the 
samples was read in from two to four hours 
after the addition of acid in a Bausch and 
Lomb Duboscq colorimeter with the New- 
comer hemoglobin attachment. The glass 
disc was standardized with acid hematin, 
prepared from hemin crystals as proposed 
by Elvehjem.'!* The source of light was a 
Bausch and Lomb Optical Company “Chalet” 
lamp, equipped with a plate of frosted glass 
and one of daylight glass. To insure light of 
constant intensity throughout the experi- 
ments, the colorimeter and the lamp were 
securely fastened on a board. The short- 
est distance between the filament of the 60- 


watt Westinghouse bulb and the optical 


axis of the colorimeter at the mirror was 
20 cm. 

The Sanford-Sheard instrument was a 
Central Scientific Company photelometer, 
model No. 12340. For hemoglobin deter- 
minations, the blood was taken up with a 
0.1 cc. pipette, the tip of which had been 
tapered on an emery-wheel. One-tenth cc. 
of blood was added to 20 cc. of 0.1 per cent 
Na,CO, solution, which had been meas- 
ured into 50 cc. flasks from a burette. The 
gel which formed was broken up by vigor- 
ously shaking the flask and was removed by 
filtration through coarse filter paper. The 
photelometric readings of these solutions 
were made within two hours after the so- 
lutions had been made. 

The new acid hematin photelometric 
method of hemoglobin determination used 
was a modification of one described by 
Elvehjem.*? It consisted of taking 0.01 cc. 
of blood and diluting it to the 5 cc. mark 
of a 1: 501 blood diluting pipette with 0.4 
per cent NH,OH. The content of the pipette 
was then transferred into a small test tube, 
and 0.12 cc. of concentrated hydrochloric 
acid added, making the actual dilution of 
blood 1:513. The tubes were then corked 
and slowly inverted at least three times to 
insure an even distribution of acid and the 
formation of the insoluble material into 
larger aggregates. The clear acid hematin 
solutions were held for at least two hours 
before photelometric reading was made. 

In order to interpret the photelometric 
readings in terms of hemoglobin, it was 
necessary first to calibrate the instrument 
by acid hematin solutions of known con- 
centration. This was done by the follow- 
ing procedure: 

Pure hemin crystals were prepared from chicke 
blood by the method decribed by Elvehjem.™ The 
dry crystals were then washed in 95 per cent al 
cohol, suspended in ether, filtered and dried at 37 © 
The crystals were stored in a desiccator ove! 
CaCl,. The iron content of the hemin, as shown 
by ten analyses by the  ortho-phenanthrolin: 
method”.“® ranged from 7.60 to 7.87 per cent. Th: 
mean value was 7.75 per cent. This value wa 
used in calculating the hemoglobin equivalent o! 
the hematin solutions. 

Six sets of acid hematin standards were nov 
prepared, the concentrations of which ranged fron 
1 mg. to 10 mg. per 500 ce. of solution at interval 
of 1 mg. A primary hemin solution was made b 
dissolving 50 mg. of hemin crystals in a sma! 
amount of dilute NH,OH and adding enough dis 


tilled water to bring the volume to 100 ce. The ne 
essary amounts of the primary solution for eac! 


| 
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dard were transferred to 500 cc. volumetric 
s, 10 cc. of 5 per cent gelatin solution added, 
enough 0.1 N HCl to bring the volume to 500 
Two and one-half ce. to 7.5 ce. of concentrated 
Hcl was added to the more concentrated standards 
djust the pH to 1.3. 
he Cenco blue No. 1 filter was used in calibrat- 
the photelometer with acid hematin solutions. 
This filter was found to be more sensitive to small 
variations in hemin concentration than monochro- 
tic and Wratten filters with transmission hands 
the red region corresponding to acid hematin 
solutions. 4 Photelometer readings of the stand- 
acid hematin solutions were taken and plotted 
fig. 1). 
rhe standard acid hematin solutions, as stated 
ive, Were prepared by dissolving a known 
mount of hemin in 500 cc. of fluid. In preparing 
acid hematin solutions from blood, the same ratio 
hemin to volume was maintained by always 
diluting the blood 500 times. Thus, the amount 
f hemin in 500 ce. of acid hematin prepared from 
d represented the amount of hemin in 1 ce. 
f blood. Therefore, the amount of hemin per ce. 
blood in the acid hematin solution prepared 
m blood would correspond to the amount known 
be present in the standard acid hematin solution 
which gave the same photelometer reading. In 
ther words, the photelometer having been cal- 
ibrated with standard acid hematin solutions, 
photelometric readings of the acid hematin 
ition prepared from blood would show the 
ount of hemin it contained, and from this the 
sunt of hemoglobin per volume of blood could 
readily calculated by (1) determining the 
ount of iron in the hemin and (2) determin- 
« the amount of hemoglobin represented by the 
\s already stated, the iron content of the hemin 
was found to be 7.75 per cent. The iron content 
hemoglobin is well established to be 3.35 per 
Gm. The actual dilution of blood was 1 part in 
513, instead of 1 in 500; therefore, it is necessary 
5.13 
( 4.026 in 
5.00 § 
ese caleculations,* which consist in multiplying the 
mgs. of hemin taken from the calibration curve (fig. 
1) by the correction factor of 1.026 to determine 
the real amount of hemin in 1 cc. of blood. This 
result multiplied by 0.0775 gives the amount of 
ron in the hemin. Dividing this by 3.35, the grams 
of hemoglobin represented by the iron in 1 ce. of 
blood are obtained. Finally, the result is multi- 
plied by 100 to determine the amount of hemo- 
globin in 100 cc. of blood. These calculations are 
xpressed in the formula: 
(mg. hemin X 1.026 0.0775) 


apply a correction factor of 


x 100 Gms. 

3.35 
hemoglobin per 100 ce. of blood. Applying this 
formula to the values taken from the curve of 
fi 1, a chart giving the photelometric readings 
with their corresponding hemoglobin values was 


repared for use in routine hemoglobin determina- 
tions and is shown in table II. 


The alkaline hematin solutions were pre- 
pared in the following manner: 0.01 cc. of 
blood was diluted with 5 cc. of N/10 HCl 
in a 1:6501 blood diluting pipette. The 
contents were then transferred to a test 
tube and corked. After at least one hour, 


*This would not have been necessary if the 


Standard acid hematin solutions had been diluted 
to 513 ec. instead of 500 cc. 
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0.6 cc. of 5 per cent NaOH was added to 
convert it to alkaline hematin. This gave 
a clear solution free from gel or other in- 
soluble material. Photelometric readings 
were made immediately. 

The procedure for calibrating the pho- 
telometer with alkaline hematin was similar 
to the method described for acid hematin, 
the difference being that NaOH was used 
in place of HCl in the preparation of the 
standard hemin solution and in the special 
filter used. 


The primary concentrated hemin solution was 
made by dissolving exactly 50 mg. of crystaline 
hemin in a 100 ec. volumetric flask with N/2 NaOH 
and diluting to the mark with distilled water. The 
necessary amounts of dissolved hemin were trans- 
ferred to 500 cc. volumetric flasks with a 10 ce. 
microburette and diluted to the exact volume with 
0.08 N NaOH and distilled water. The pH of the 
final solution was 11.8. 

The filter used for alkaline hematin was made 
from selected pieces of cellophane, whose transmis- 
sion corresponded as closely as possible to two of 
the absorption bands of an aqueous alkaline hema- 
tin solution. These were found by Lewin, Miethe 
and Stenger™ to be in the red region at 6160A° 
and in the blue region at 4280A°. The selection 
of the cellophane was made approximately with a 
hand spectroscope and three sheets mounted be- 
tween two plates of glass with nevelite. The rela- 
tionship between the concentrations of alkaline 
hematin and the photelometric response is shown 
in fig. 2. 

The formula for calibrating the photelometer for 
the alkaline hematin method differed only in the 
correction factor, which was 1.014. 


Results of Hemoglobin Determinations of 
Chicken Blood by Five Methods 

1) Comparison of the variability in the 
hemoglobin values obtained by each method. 
—tThe procedure for this study was as fol- 
lows: Ten blood samples were taken in 
rapid succession from the same bird and 
tested for hemoglobin content by one of the 
methods. This procedure was repeated until 
100 hemoglobin determinations had been 
made of 10 birds by each of the Sanford- 
Sheard, Newcomer (as modified by Schultz 
and Elvehjem) and Haden-Hauser methods. 
With the new photelometric acid hematin 
method, 90 hemoglobin determinations were 
made of nine birds and 80 determinations 
of 8 chickens with the new alkaline hematin 
method. 

The Dare method was not included in 
this comparative study, because each deter- 
mination must be completed immediately 
after a blood sample is taken. This would 
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make the interval between samples so long 
that it would be necessary to puncture the 
veins for each one. Therefore, the studies 
of this method were limited to single de- 
terminations of different individuals in 
comparison with determinations of the 
same individuals with the other methods. 


To facilitate comparisons of the degree 
of variability in hemoglobin values given 
by the various methods, the data were 
treated statistically and are presented in 
table III. The variations in hemoglobin 
values given by the photelometric acid hem- 
atin and the modified Newcomer methods 
were similar and too small to introduce a 
serious source of error in hemoglobin val- 
ues, and considerably less than those given 
by the other three methods. Larger varia- 
tions were obtained by the Sanford-Sheard 
method and still larger by the Haden- 
Hauser and the photelometric alkaline hem- 
atin methods. Thus, from the standpoint 
of consistency in results, the photelometric 
acid hematin and modified Newcomer meth- 
ods should be superior. 

2) Comparison of the hemoglobin values 
obtained by the different methods.—This 
study was made with blood taken from 101 
Leghorn pullets from 42 to 56 days old. 
Sufficient blood was obtained from each 
bird at one time to make duplicate tests 
for hemoglobin by the photelometric acid 
hematin, modified Newcomer, Sanford- 
Sheard, Haden-Hauser, and Dare methods. 
Hemoglobin determinations with the alka- 
line hematin method were made upon 29 
of the 101 birds in this experiment. The 
hemoglobin values obtained by all methods 
of determination were calculated in grams 
of hemoglobin per 100 cc. of blood. The 
mean values obtained by each method is 
given in table IV. 

From these data, it is evident that the 
amounts of hemoglobin indicated by the 
various methods differed between rather 
wide limits. The lowest mean hemoglobin 
value was 7.72 + 0.91 Gm. obtained with 
the Dare method. Great difficulty was en- 
countered in matching the shade of red of 
the blood film with the ruby glass standard 
—so great, in fact, that it was only by 
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chance that larger variations in the hemo- 
globin values by this method were not ob- 
tained. The same difficulty was experienced 
by Senty,®* Olson,#® Lindsay and _ as- 
scciates** and Mills,** the latter concluding 
that the accuracy of the Dare method is a 
little greater than the Tallqvist scale. Mills 
also reported that the hemoglobin values 
for human blood given by the Dare instru- 
ment were regularly lower (as much as 
20.2%) than those obtained by the Van 
Slyke method. It seems likely that this may 
also apply to our results with this instru- 
ment. 

The Haden-Hauser instrument, like the 
Dare, employs a colored glass standard. It 
gave only slightly higher hemoglobin values 
(7.84 + 0.83 Gm.). This method requires 
the conversion of the hemoglobin in the 
blood to acid hematin. The resultant tur- 
bidity of acid hematin solution of chicken 
blood prepared in the manner prescribed 
for the method made matching of the color 
of the solution with the glass standard ex- 
tremely uncertain. The effect of this is 
clearly shown by the large coefficient of 
variation obtained from repeated hemo- 
globin determinations of blood of the same 
chickens (table III). The clear acid hem- 
atin solutions as prepared for the modified 
Newcomer and photelometric acid hematin 
methods are not adaptable to the Haden- 
Hauser method, because the depth of color 
is insufficient for comparison with the col- 
ored glass standard of the instrument. 
Clear solutions of sufficient concentration 
cannot be prepared because taking of 
chicken blood in concentrations of 1 to 10 
or 1 to 20 results in the formation of a 
thick jelly mass from which all of the hem- 
oglobin is not separated and converted 
into acid hematin upon addition of HC1. 
The Haden-Hauser instrument, therefore, 
may be regarded as unsuitable for de- 
terminations of hemoglobin in chicken 
blcod, in that accurate readings are difficult 
and the values indicated by it are too low. 

The Sheard-Sanford method gave a some- 
what higher hemoglobin value (8.91+0.87 
Gm) than the two methods just discussed. 
In this method, the hemoglobin of tie 
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TABLE IIl.—Standard Deviation and Variation Coefficients of the Hemoglobin Content of 470 Blood Samples 


From 47 Birds as Determined 


PHOTELOMETRIC 
Acip HEMATIN 
METHOD 


NEWCOMER 
METHOD 


SIGMA V. SIGMA V. SIGMA V. SIGMA V. 

SPRIES (GMS.) (%) (GMS. ) (%) (CMS.) (%) (GMS.) (%) (GMS.) (%) 
1 0.165 1.45 0.160 2.11 ¢.323 4.50 0.235 1.47 0.088 1.09 

2 0.095 1.25 0.145 1.69 0.415 4.81 0.373 2.50 0.299 2.77 

3 0.181 1.95 0.091 1.50 0.431 5.73 0.897 6.65 0.237 2.85 

4 0.162 1.66 0.195 2.77 0.225 2.76 0.488 3.92 0.260 3.25 

5 0.244 2.31 0.123 1.59 0.329 4.05 0.479 4.01 0.269 3.28 

6 ete ean 0.104 1.32 0.354 4.48 0.222 1.69 0.164 1.92 

7 0.164 1.78 0.159 2.28 0.172 2.24 0.375 2.70 0.138 1.81 

8 0.214 2.04 0.193 2.50 0.197 2.43 0.325 2.83 0.246 2.82 

9 0.131 1.47 0.148 1.99 0.136 1.78 0.281 3.27 
10 0.228 2.29 0.106 1.38 0.181 2.67 0.357 4.47 
\VERAGE 0.176 1.80 0.142 1.91 0.276 3.55 0.428 3.22 0.234 2.75 


TABLE IV.—Mean Hemoglobin Content of Blood of 101 Normal Chickens, 42 to 56 Days of Age, Obtained 
From Determination in Duplicate by Each of the Six Methods 


METHODS 


PHOTELOMETRIK METRIC 
HADEN- Mopirirp* SHEARD- AcID ALKALINE 
DARE HAUSER NEWCOMER SANFORD HEMATIN HEMATIN** 
Mean Gm. of 
hemoglobin per 
100 ml of blood 7.72 7.84 9.71 8.91 9.83 12.13 
Standard 
deviation 0.91 83 0.93 0.87 1.00 0.99 


*Actual reading X correction factor for dise of 1.33. 


**Mean hemoglobin value of 29 chickens. 


blood is converted into oxyhemoglobin by 
laking the blood and then determining the 
mount of hemoglobin with a photelometer, 
which has been calibrated previously 
.gainst hemoglobin determinations of mam- 
nalian blood by the Van Slyke method. 
Since the Van Slyke procedure is not ap- 
licable to chicken blood, the calibration 
hart for mammalian blood must be used in 
ipplying the Sheard-Sanford method to 
hicken blood. The gel in laked chicken 
ood probably traps some of the hemo- 
‘lobin, and the reading obtained, therefore, 
loes not represent all of the pigment pres- 
nt in the blood. Another disadvantage of 
he Sheard-Sanford method for chicken 
dlood is the variability in amounts of hemo- 
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HADEN-HAUSER 


by Five Different Methods 


PHOTELOMETRIC SHEARD- 
ALKALINE HEMATIN SANFORD 
METHOD METHOD 


Meruop 


SIGMA V. 


PHOTELO- 


globin indicated, as was shown by the re- 
peated determinations of blood of the same 
chicken (table III). A similar variability 
was reported by Olson.*? 

The modified Newcomer and photelo- 
metric acid hematin methods yielded hemo- 
globin values nearly alike, i.e., 9.71=+-0.93 
and 9.83+1.00 Gm. per 100 cc. of blood. 
These two procedures also gave the most 
consistent results in the series of repeated 
determinations of the same blood (table 
III). Since the standards for both methods 
are acid hematin solutions of known con- 
centration, they should accurately portray 
the hemoglobin content of acid hematin so- 
lutions prepared from the blood of chickens. 
The essential difference between the two 
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HEMUN CONCENTRATION PER S00 SOLUTION 


CHART |—Photelometer readings of acid hematin 
solutions of known hemin content. 


methods is that readings of the former are 
made visually with a Duboscq colorimeter 
equipped with a Newcomer disc and those 
of the latter with the photelometric colori- 
meter. In choosing between the two, pref- 
erence might be given to the latter, because 
it is not subject to error resulting from 
variation in the ability of different indi- 
viduals to match colors or to differences in 
type or intensity of the light used with the 
Newcomer instrument. 

The hemoglobin values obtained by the 
photelometric alkaline hematin method 
(12.13 + 0.99 Gm. per 100 cc. of blood) 
averaged 2.25 Gm. more and showed greater 
variation than was obtained with any other 
method (table III). The fact that greater 
variations in hemoglobin values were given 
by this method than with others suggests 
that the higher average values are due to 
the presence in the solution of non hemo- 
globin substances in fluctuating amounts. 
The full elucidation of this point is depend- 
ent upon the determination of the nature 


CHART \|il—Photelometer readings of alkaline 
hematin solutions of known hemin content. 


of the substances removed in preparation 
of acid hematin solutions of blood, since the 
presence or absence of this material is the 
only essential difference between the alka- 
line and acid hematin preparations. 


SUMMARY 


1) Comparative studies were made of 
the adaptability and the relative accuracy 
of the Dare, Haden-Hauser, and Sheard- 
Sanford methods, the modified Newcomer 
method, a new photelometric acid hematin 
and photelometric alkaline hematin method 
for the determination of hemoglobin in 
chicken blood. The relative consistency of 
performance of each method was deter- 
mined by repeated tests of blood of the 
same individuals. The hemoglobin values 
given by each method were obtained by dup- 
licate tests of 101 White Leghorn chicks, 
6 to 8 weeks old. 

2) The modified Newcomer method and 
the new  photelometric acid hematin 
method gave the most consistent results 
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and are considered as most suitable for the 
determination of hemoglobin in chicken 
blood. 

} The hemoglobin content of the nor- 
mal 6- to &8-week-old White Leghorn 
chickens was established as 9.71 + 0.83 Gm. 
and 9.838 + 1.00 Gm., respectively, by the 
modified Newcomer and photelometric acid 
hematin methods. 

1) The Dare, Haden-Hauser, and Sheard- 
Sanford methods were found to be unsatis- 
factory for determination of hemoglobin in 
chicken blood. 

5) The photelometric alkaline hematin 
method gave variable hemoglobin values, 
which averaged 2.25 Gm. per 100 cc. of 
blood higher than those obtained with the 
modified Newcomer and photelometric acid 
hematin methods. Both the variability and 
higher hemoglobin values are believed to be 
due to the presence of nonhemoglobin con- 
stituents of blood in the alkaline hematin 
solution. 
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Recovery of Clostridium Sordellii From Cattle and Sheep 


L. R. VAWTER, D.Y.M., M.S. 


Reno, Nev. 


DURING THE PAST 20 years, Clostridium 
sordellii has been recovered six times inci- 
dent to the bacteriological examination of 
tissues from cattle and sheep at the Uni- 
versity of Nevada. 

This extremely pathogenic sporulating 
anaérobe was first described by Sordelli, of 
South America, in 1922.!' He obtained it 
from two out of 11 fatal cases of gas gan- 
grene in man. Sordelli named it “Bacillus 
oedematiens sporogenes.”* In 1927, Mele- 
ney, Humphreys, and Carp reported the 
recovery of a similar pathogen from a fatal 
operative wound infection in a woman, and 
also from surgical catgut.* Being unaware 
of Sordelli’s work, they named their 
organism “Clostridium ocdematoides.” Hail 
and Scott,* Hall,° and Hall, Rymers, and 
Jungherr® examined the cultures of Sordelli 
and Meleney from human sources and two 
novyi-like cultures isolated from cattle in 
Nevada and declared they were culturally 
and serologically identical. Hall and Scott 
then suggested the binomial name “Bacillus 
sordellii” for this new species. Subsequent- 


The observations reported in this paper were 
made incident to the investigation of “A Hemor- 
rhagic Disease in Cattle,” Project 16 of the Nevada 
Agricultural Experiment Station at the University 
of Nevada. 

Member of the Department of Veterinary Science, 
University of Nevada. 
1Sordelli, A.: Un Germen Anaérobio de las Gan- 
granas Gaseosas. Revista Asoc. Med, Argentina, 
XxXXv (1922), pp. 864-868. 

*Sordelli, A.: Flora Anaé@érobia de Buenos Aires. 
Ibid., xxxvi (1923), pp. 20-24. 

‘Meleney, F. L., Humphreys, F. B., and Carp, L.: 
Unusual Fatal Operative Wound Infection Yielding 
a Pathogenic Anaérobe of the Gas Gangrene Group 
not Heretofore Described with Direct Reference to 
Catgut as Source. Surg. Gyn. and Obst., xlv (1927), 
pp. 775-789. 

‘Hall, I. C., and Scott, J. P.: Bacillus sordellii, a 
Cause of Malignant Edema in Man. J. Infect. Dis., 
xIv (1927), pp. 329-335. 

5SHall, I. C.: The Occurrence of Bacillus sordellii 
in Ictero-Hemoglobinuria of Cattle in Nevada. J. 
Infect. Dis., xlv (1929) pp. 156-162. 

*Hall, I. C., Rymer, M. R., and Jungherr, E.: 
Comparative Study of Bacillus sordellii (Hall and 
Scott) and Clostridium oedematoides (Meleney, 
Humphreys, and Carp). J. Infect, Dis., xlv (1929), 
pp. 42-60. 


ly, Hall and Gray’ reported a fatal case of 
septic peritonitis with terminal bacteremia 
in a man due to Cl. sordellii infection. 

We recovered Cl. sordellii the first time 
in 1921 from the liver infarct of a bull 
dead of bacillary hemoglobinuria (red 
water disease) near Reno. The second cul- 
ture was recovered under similar circum- 
stances in 1923 from the liver infarct taken 
from a cow on a ranch about 50 miles from 
the source of the first culture. It was soon 
established that the two cultures of this 
anaérobic organism were identical in re- 
spect to morphological and cultural features 
and pathogenicity, but were immunologic- 
ally distinct from other then recognized 
species of sporulating pathogenic anaérobes. 
They were found to be extremely patho- 
genic for all laboratory animals, as well 
as for horses and cattle. After consider- 
able work, they were regarded as accidental 
invaders having no relation to the etiology 
of bacillary hemoglobinuria under inves- 
tigation at that time.® 

S3eing aware cf the extremely pathogenic 
nature of this sporulating anaérobe for all 
laboratory and some farm animals, from 
our own experience, as well as for man, as 
reported by Meleney and Hall, we anti- 
cipated that it might sometime be encoun- 
tered as a primary pathogen among farm 
animals. To date, we have recovered s'x 
cultures of Cl. sordellii from animal sources 
in western Nevada. Five of them c2me 
from cattle and one from sheep. Three o! 
the cattle strains were isolated along with 
either Clostridium hemolyticum or Clos- 
tridium welchii from the liver infarcts or 
other tissues of cattle dead of bacillary 
hemoglobinuria. Another cattle strain was 

‘Hall, I. C., and Gray, 8S. H.: Septic Peritonit's 
in Man due to Bacillus sordellii. Arch. Path., Xi 
(19381), pp. 245-252. 

‘Vawter, L. R., and Records, E.: Serologic Stucy 


of Sixteen Strains of Bacillus hemolyticus. J. In- 
fect. Dis., xlviii (1931), pp. 581-587. 
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-covered along with Clostridium chauvei 
‘om the heart blood of a calf dead of atypi- 
| blackleg. The lesions found in calves in 

is outbreak consisted of a severe hemor- 
‘sagic gastroenteritis with blackleg-like 

sions in the pillars of the diaphragm. Re- 
ently, another strain of Cl. sordellii was 

covered from a fatal post-vaccination in- 
‘ection among Hereford calves, which will 
be described in another paragraph. One 
nonpathogenic strain was recovered along 
with Clostridium septicum from a sheep 
dead of a braxy-like disease near Reno. 
Although nonpathogenic, the sheep strain 
is culturally and serologically related to the 
cattle strains, reciprocal agglutination oc- 
curring between them. Hall also encoun- 
tered a nonpathogenic strain among cul- 
tures submitted by Sordelli. 

In March, 1941, we encountered what ap- 
pears to have been a fatal infection due to 
Cl. sordellii among Hereford calves, follow- 
ing vaccination with a sterile formalinized 
blackleg vaccine from a reputable manufac- 
turer. No reflection can be cast on the 
vaccine itself. Three calves-died about 48 
hours after vaccination. Two unmutilated 
carcasses were examined about six hours 
after death. No characteristic lesions of 
blackleg were found, although both car- 
casses were moderately bloated, and bloody 
discharges occurred from natural body 
openings. Other than slightly gaseous, 
putty-colored livers, the visceral lesions 
were not significant. The principal lesion 
in both ealves consisted of a moderately 
‘mphysematous, mildly hemorrhagic edema 
involving mainly the intermuscular connec- 

e tissue along the left side of the neck 

d dorsal region. The neighboring lymph 
yands were extremely edematous and hem- 

rhagic. Portions of the shoulder and 
1-ck lesions were packed in borax and 
) ought to the laboratory. Guinea pigs in- 

ilated with lesion exudate diluted with 
ial part of physiological sodium chloride 
ution were dead in 16 hours with an ex- 
isive hemorrhagic edema involving the 
tire abdominal and thoracic region, ac- 

¢ mpanied by a hemorrhagic gastroenteri- 
Cl. sordellii was recovered in pure cul- 


ture from the heart blood of the inoculated 
guinea pigs. Cl. sordellii and Clostridium 
sporogenes were isolated and separated in 
cultures made directly from the original 
lesion fluid of the calves. Careful search 
failed to disclose the presence of any other 
anaérobic pathogens, such as Cl. chauvei, 
Cl. septicum, or Cl. welchii. 

As Cl. sordellii had been recovered on 
two occasions about 18 years ago from cat- 
tle tissues originating on a neighboring 
ranch, it is believed to be native to the soils 
of that and other regions in western 
Nevada. As skin disinfection is not cus- 
tomarily practiced during routine vaccina- 
tion of cattle in our region, it is presumed 
that Cl. sordellii was present on the hair or 
skin of some of the cattle and was me- 
chanically introduced into the tissues at the 
moment of vaccine injection on the left side 
of the neck. 

Cl. sordellii possesses many morphologi- 
cal and cultural features common also to 
Clostridium novyi, Cl. sporogenes, and to a 
lesser extent, Cl. hemolyticum. Although 
the microbiological features were quite 
fully described by Hall and others more 
than 12 years ago, it appears appropriate 
to repeat some of the salient features, as 
well as to report additional ones not here- 
tofore given. Our observations have been 
based entirely on strains of Cl. sordellii 
recovered directly from animal sources, but 
no appreciable differences were noted be- 
tween them and those from human sources 
isolated by Sordelli; Meleney, Humphreys, 
and Carp; and Hall. 

Cl, sordellii is a nonmotile, sporulating 
enaérobic rod, 1x 3.5-4.0 microns. Young 
cultures 12 to 18 hours old are strongly 
gram-positive. Spores are usually located 
in a central or subterminal position. Al- 
though it is an obligate anaérobe, it grows 
rapidly and luxuriantly on all mediums suit- 
able for anaérobes, such as the cooked-meat 
mediums or the sodium thioglycollate-agar 
mediums recommended by Brewer.® A very 
characteristic valeric odor emanates from 
cultures in 20 to 48 hours, which in itself 

*Brewer, J. H.: A Clear Liquid Medium for the 


Aérobic Cultivation of Anaérobes. J. Bact., xxxix 
(1940), p. 10. 
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is sufficient to indicate the presence of Cl. 
sordellii even among a mixture of other 
anaérobes. 

The pleomorphism of deep agar colonies 
may be quite confusing. They may appear 
as biconvex discs, multiplanate discs, disc 
types with eccentric fluffs, or dense feath- 
ery types. Extensive fracture of the agar 
column may occur with only 10 or 12 colonies 
in a deep agar culture tube. Its proteolytic 
activity in cultures is pronounced and more 
varied than other pathogenic sporulating 
anaérobes. 

The meat particles in cooked-meat me- 
diums first become bright red, later dark- 
ened in color, and are partially digested or 
gelatinized. White crystals, resembling 
tyrosin in respect to microscopic crystal- 
line structure and alcohol solubility,!” ap- 
pear in old meat cultures after 10 days or 
longer, developing best at room tempera- 
ture. Black pigment begins to appear 
around the meat particles in cooked-meat 
mediums about the third day. A similar 
veil-like stratum of black pigment also 
appears in other fluid mediums, especially 
those containing sodium thioglycollate and 
agar, in the absence of cooked meat. 

The following tabulation sets forth the 
main cultural and biochemic features. 
Where necessary, anaérobic conditions were 
obtained by vaspar seals or the alkali py- 
rogallate method. 

Gelatin was liquified in 48 hours, but not 
blackened. 

Purple milk was clotted in 24 hours, fol- 
lowed by separation of whey and gradual 
but incomplete digestion of the clot in 5 
to 7 days. 

Coagulated serum showed pitting of the 
surface, followed by gradual liquefaction 
and blackening of residual clot in 5 to 7 
days. 

Indol was strongly positive after 18 to 
24 hours incubation in liver digest cultures 
or those containing proteose peptone after 
the Erlich-Bohme method."! 


W’Hawk, P. B., and Bergeim, O.: Practical Physi- 
ological Chemistry, 11th ed., P. Blakiston’s Son 
and Company, Inc., Philadelphia (1937), pp. 120- 
122. 


uPure Cult. Study of Bact., x (1942), pp. 11-12. 


Hydrogen sulfide was produced in large 
amounts, beginning at the fourth hour of 
incubation, as indicated by sterile strips of 
lead acetate test paper inserted along the 
cotton plugs.}? 

Methyl red was positive, but the Voges- 
Proskauer reaction was negative, and ni- 
trates were not reduced. 

Hemolysis of red cells was rapid and 
complete in 4 to 6 hours after inoculation 
into deep agar dilution cultures containing 
1 per cent washed sheep red cells. 

Carbohydrates fermented in 24 hours 
were dextrose, levulose, and maltose. 

Carbohydrates not fermented at the end 
of 7 days were galactose, lactose, sac- 
charose, mannite, arabinose, xylose, inulin, 
salicin, dulcitol, and glycerol. 

Usually, all substances fermented by the 
various pathogenic sporulating anaérobes 
are reduced during the first 24 hours of 
incubation, provided the basal medium is 
adequate and proper anaérobic conditions 
prevail. 

A very potent, moderately stable, filtrable 
toxin is produced in fluid mediums reach- 
ing a maximum concentration in 24 to 36 
hours. It is inactivated at 70 C. in 20 min- 
utes and rendered anatoxic by 0.25 per cent 
formalin in 2 days at 37.5C. Formalinized 
cultures are antigenic. 

As Cl. sordellii closely resembles Ci. 
novyi and Cl. sporogenes in many respects 
and Cl. hemolyticum to some extent, its 
presence might easily escape detection in 
a casual examination of tissue exudates or 
a mixed culture of anaérobes. Except in 
the post-vaccination infection, it occurred 
in a minority to other anaérobes, judging 
from the proportion of colonies in deep, 
agar-shake cultures made from the original 
material. Its ability to induce a rapidly 
fatal toxemia may compensate for the nu- 
merical minority. 

The anatomical lesions occurring in labo- 
ratory animals injected with toxic Cl. sor- 
dellii cultures do not present any special 
features which would distinguish them 

2ZoBell, C. A., and Feltham, C. B.: A comperi- 
son of Lead, Bismuth and Iron as Detectors 


Hydrogen Sulphide Produced by Bacteria. J. Ba‘ 
xxviii (1934), pp. 169-178 
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from lesions induced by some of the other 
gos edema-producing anaérobes, especially 
C. novyi. Connective tissue is primarily 
a‘fected with a spreading gelatinous edema. 
The coloration of the edema is roughly pro- 
portional to the dose injected. Small doses, 
0.05 to 0.1 ec., even though invariably fatal 
for guinea pigs, usually cause thick, clear, 
velatinous local lesions resembling those 
produced by some strains of Cl. novyi. This 
lesion also resembles the local reaction of 
guinea pigs or rabbits following inoculation 
with some freshly isolated field strains of 
Bacillus anthracis. 

Larger doses, 0.2 to 0.5 cc., when injected 
into the subcutis of the abdomen of guinea 
pigs, usually cause death in 16 or 18 hours, 
accompanied by a diffuse, intensely hemor- 
rhagic edema of the entire abdominal wall, 
reddening of the contiguous musculature, 
and a variable degree of hemorrhagic enter- 
itis. Cl. sordellii becomes bacteremic in 
all laboratory animals and may occasionally 
become bacteremic in cattle along with Cl. 
chauvei, as we have cited. Horses are par- 
ticularly susceptible to Cl. sordellii infec- 
tion. Small doses, 0.5 cc., of a toxic culture 
may result in a massive local reaction, high 
fever, 105 F., severe toxemia, and death. 
Even germ-free Berkefeld culture filtrates 
will cause severe local reactions in horses. 

It is almost impossible to immunize rab- 
bits with living organisms, even though 
they are rendered potentially free of toxin 
by repeated washing. The rabbits usually 
die in a few days with a bacteremia. How- 
ever, we were successful in producing ag- 
ylutinating serums in rabbits with four 
strains of Cl. sordellii by starting with 1 
cc. of formalinized whole cultures injected 
subeutaneously, followed by formalinized 
cultures given intravenously at weekly in- 
tervals. A very potent antitoxic serum can 
'e produced in horses and is now included 

| some polyvalent anaérobic serums on the 
market. 

Cross-agglutination occurs among all of 
{ie strains we have recovered to date. Anti- 
(oxic serum produced in horses in 1922, 

sing the first strain recovered, protects 
‘gainst all other pathogenic strains from 


animal sources as well as the original Sor- 
delli strains from South America, thus in- 
dicating a monovalent group in respect to 
antigenic structure. 

As far as we are aware, in every instance 
where Cl. sordellii has been recovered, it 
was associated with a fatal effect on the 
subject, and the identity or presence of 
this organism was not established nor sus- 
pected prior to death. It has been recov- 
ered in widely separated localities in the 
western hemisphere. 


From the reports of Sordelli, Meleney, 
and our own observations, it is obvious that 
a very small number of Cl. sordellii organ- 
isms, accidentally implanted in surgical or 
other wounds, may result in a rapidly fatal 
infection. It may also invade tissues in 
the absence of surgery or mechanical trau- 
matism, as reported by Hall and Gray, or 
concurrently with other pathogenic an- 
aérobes, as occurred in several instances in 
cattle and sheep which we have described. 
Sporulating forms will survive heating at 
90 C or freezing at —70C., as well as de- 
hydration for many years. Meat medium 
cultures which had entirely dried out after 
10 to 12 years storage were readily revived 
by adding sterile liver digest broth and 
were found to be fully virulent. It may be 
expected, therefore, to survive almost in- 
definitely in soils or other organic mate- 
rial. This extremely pathogenic anaérobe 
occasionally may play a réle heretofore un- 
suspected in obscure anaérobic infections 
of animals as well as man. 


By utilizing some of the knowledge now 
available, such as its rapid growth in me- 
diums suitable for anaérobes, the agglutina- 
tion test with young vegetative cultures, 
and serum protection tests with laboratory 
animals, it might be feasible to make a 
diagnosis early enough with cultural ma- 
terial taken from an external traumatic 
wound to institute specific biologic therapy 
with the hope of saving the life of the 
victim. Compared to the other well-known 
pathogenic species of the genus Clostrid- 
ium, we would consider Cl. sordellii to be 
one of the most dangerous, and perfectly 
(Concluded on next page) 
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of Haemonchosis 
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EVER SINCE the discovery by Hutcheon! that 
copper sulfate would remove stomach worms 
from sheep, much has been written on the 
subject. Unfortunately, there is _ little 
agreement among the writers as to the 
posology, effective adjuvants, or method of 
administration of the drugs. This is due 
to a variety of causes, some of which will 
be discussed in this paper. As a result of 
this disagreement, the veterinarian and the 
stockman are confronted with many recom- 
mendations and formulas. Since these com- 
pounds varied widely in composition and 
price, it was decided to test them to see if 
any were more efficient than simple copper 
sulfate against Haemonchus contortus. 
These tests were carried out on heavily in- 
fected farm flocks in north central Kansas 
during the spring, summer and fall of 1941. 
Apparently, this area presents ideal condi- 
tions for the development of pure H. con- 
tortus infections. Other “nemic” parasit- 
isms causing disease in sheep are rare. 
Many flocks in this territory are purchased 
from regions where other helminthiases are 
prevalent, but the ecological relationships 
apparently combine to eliminate all but the 
“twisted wire worm” as a potent source of 
danger. The tendency of farmers in the 
area to use the sheep primarily as a clean- 
up flock, or to keep them on small pastures 
which become inadequate during the latter 
part of the summer and rarely to supple- 
ment these deficient diets, allows haemon- 
chosis to become prevalent and to appear in 


Contribution No. 93, Department of Veterinary 
Medicine, Kansas State College. 

‘Hutcheon, D.: Bluestone for Wireworms, Agr. 
Jour. Cape Colony, iv (1892), p. 240. 


‘Clostridium Sordellii 

(Concluded from preceding page) 
capable of doing all the damage character- 
istic of other pathogenic members of this 
genus. 


its purest clinical form. The disease is 
commonest from mid-August until frost, al 
though sporadic outbreaks occur at other 
times of the year. 


MATERIALS AND METHODS 


Contact was made with various flock owners 
through the codperation of their local veteri 
narians. Fecal samples from 10 sheep in each 
flock were obtained directly from the rectum 
and the sheep tagged for future identification. 
It was found easier to obtain the samples if 
the sheep were confined in a small area and 
allowed to feed overnight. These samples were 
examined by a modified Stoll-McMasters tech- 
nique (Whitlock).2 If this preliminary ex- 
amination revealed that the flock was heavily 
infected, it was treated with two or more an- 
thelmintics at the same time. One of these treat- 
ments was always a simple copper sulfate solu- 
tion of either 1.7 or 10 per cent strength. The 
other treatment was the compound which was to 
be tested against copper sulfate. Just before the 
animal was treated, a fecal sample was taken 
from the rectum and the animal marked for 
identification. The fecal samples were taken 
to the laboratory and frozen until they could 
be counted. From one to three weeks after 
treatment, the flock was revisited and fecal! 
samples of those shown to be heavily infected 
on the first visit were obtained and examined 
by the dilution egg-count technique. Although 
all the sheep in a given flock were treated, no 
data were kept on any animals showing an 
initial egg count below 2,000 e.p.g. Two rea 
sons for this were: 

1) As Peters and Lieper* have shown, dilu 
tion egg counts are distributed in the Poisson 
fashion. This means that the standard erro) 
of such counts is very large when dealing wit! 
small numbers. 

2) Taylor has indicated that 2,000 to 6,00 
e.p.g. represents the critical egg-count level i 
stomach-worm disease. 


“Whitlock, J. H.: Studies Upon Strongylus Vu 
garis. V In vitro Toxicity of Copper Sulphate ar 
Cupric Halides, Jour. Parasit. xxiv (1940b), p 
49-57. 

%Peters, B. G., and Leiper, R. T. L.: Variation 
Dilution Counts of Helminth Eggs, Jour. Helmi: 
viii (1940), pp. 117-148. 

‘Taylor, E. L.: Diagnosis of Helminthiasis | 
Means of egg Counts with Special Reference to Re 
worm Disease of Horses, li (1939), pp. 895-898. 
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DATE OF 
TREATMENT 


5/6 


DrvuG 


Cunic* Sol. 
Cuform Sol. 
Cu Sol. 1.7%) 
Cu Sol. (1.7% 
Cunie Cap. A 
Cu Sol. (1.7%) 
Cu-Ars Sol. 

Cu Sol. (10%) 
Cu-Ars Sol. 

Cu Sol. (10%) 
Cu-Ars Sol. 

Cu Sol. (1.7%) 
Cunie Caps. B 
Cu Sol. (10%) 
Cunic Caps. B 
Cu Sol. (10%) 
Cu-Ars Sol. 
Cunic Caps. B 
Cunic Caps. C 
Pheno-Bol. 

Cu Sol. (10%) 
Cu Sol. (10%) 
Cuniec Caps. C 
Pheno-Bol. 
Pheno. Sol. 


5/20 ) 
8/20 
9/12 
9/27 
9/19 


9/2 


11/7 


*Cunic = Coined term for copper-nicotine mixture. 


In the course of these experiments, we were 
able to confirm the findings of both investi- 
rators. 
Several different methods of recording the 
fficacy of the various drugs were tried. Be- 
iuse the inaccuracies inherent in the dilution 
‘g count prevent refined statistical analysis, 
| was felt that division of the treated animals 
into satisfactorily and unsatisfactorily treated 
groups upon some simple basis would provide 
ie most practical method of presenting and 
analyzing the data. Since Taylor (op. cit.) 
is suggested 2,000 e.p.g. as the danger line 
tween pathogenic and nonpathogenic infec- 
tons, a reduction below that level should in- 
cate a satisfactory treatment. Gordon’ has 
© iggested that a 70 per cent reduction in e.p.g. 
count represented a_ satisfactory treatment. 
loth criteria were tried and agreed remark- 
bly well with one another in their estimate 
drug efficacy, although some discrepancies 
ppeared. 


*Gordon, H. McL.: The Efficiency of Copper Sul- 
1ate and Carbon Tetrachloride Against Haemon- 
1us Contortus in Adult Sheep, Aust. Vet. Jour., 
v (1939), pp. 118-120, 


SATISFACTORY 


bo 


ToraLs oF CopreR SALTS 
FoR EAcH FLock 


UNSATIS- 
FACTORY 


SATIS- 
FACTORY 


UNSATIS- 
FACTORY 


cr 


noobs we th = 


w 


we 


0 87 7.118 
Totals 161 17.069** 


The present paper uses the 2,000 e.p.g. level 
as the mark between a satisfactory and unsatis- 
factory treatment for the following reasons: 

1) The error is smaller, since it is kept to 
those infections which, before or after treat- 
ment, are at or near the 2,000 e.p.g. level. 

2) It takes full notice of those cases of a 
heavy infection with a satisfactory reduction 
in egg count on a percentage basis, but un- 
satisfactory on the basis of the actual worm 
burden. 

3) The use of the percentage interpolates an 
extra calculation between the experimental 
data and their analyses, with no appreciable 
benefit. 

Since the sheep for the different groups 
were selected at random, as was to be ex- 
pected, the size of the initial infections was 
well balanced between each group. 

The copper sulfate and formate used in 
these tests were chemically pure and the 
tobacco dip (containing 40% nicotine sul- 
fate) used to make the cunic solution in 
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B 
| 22 10 264 
4 + 
1 11 .770 
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D 11/11 24 0 
D 11/13 22 5 
15 6 res 


NAME OF DRUG 


Cuniec Sol. 


Cu Sol. 
Cu Sol. 


Cuform Sol. 


Cunic Cap. A 


Cunie Cap. B 


Cunic Cap. C 


Cu-Ars. Sol. 


Pheno Sol. 


Pheno Bol. 


J. 


TABLE | (Part 2). 


SOURCE 


Compounded by us 


Compounded by us 
Compounded by us 


Compounded by us 
Veterinary supply firm A 


Veterinary supply firm B 


Veterinary supply firm C 
and livestock remedy 
house A put out appar- 
ently same capsule 


Veterinary supply house A 
Veterinary supply house 


Veterinary supply house 


H. WHITLOCK 


COMPOSITION 


DOSE 


AM. J. VET. RE 


PRICE PER 10) 


ADULT SHEE? 


mo. $00.475 


1.7% CuSO, (C.P.) Lambs 1-3 
1.7% tobacco dip 22-5 ce. 
(40% nicotine) Lambs 3-6 mo. Approx. 
30 ce. 
Lambs 6-12 mo. 
45 ce. 
Adults 60 ce. 
1.7% CuSO, Same as Above $00.12 
10% CuSO, 1 ce. per 10 $00.12 
lb. of body 
weight 
1.535 Cu formate Same as cunic 
solution 
Ext. Kamala 8.33 gr. 1 capsule for $4.20 
Copper sulfate 10.00 gr. lamb 
Nicotine sulfate 2.00 gr. 2 for adult 
In shiny red capsules 
Ext. Kamala 20 gr. % capsule $2.60 
Nicotine sulfate 6 gr. for lamb 
CuSO, 20 gr. 1 capsule for 
In cylindrical tablets adults 
Nicotine sulfate 1 gr. 1 capsule for $1.00 
CuSO, 17.5 gr. ewe 
Arsenic trioxide 1 ce. per 10 Approx. 
1.00% copper sulfate with lb. of body $1.00 
Formalin 7% in special weight 
non-irritating base 
Phenothiazine 12 gr. per 1 oz. under $8.60* 
wetting agent and water 50 Ib. 
Q.S. 1 02. 2 oz. over 
50 Ib. 
Large boluses containing 1 bolus to $16.00* 


12 g. phenothiazine 


lamb 


*These and other experiments show 1/2 
haemonchiasis. 


test 1 was obtained from a reliable source. 
The composition, price, dose and type of 
source of the various formulas tested are 
listed in table I. In every case, the direc- 
tions of the manufacturer were carefully 
followed in administering the drug with a 
single exception. Each maker had detailed 
directions about access of the sheep to feed 
and water before and after treatment. 
These were ignored for the following rea- 
sons: 

1) The experimental evidence upon which 


recommended dose 


2 boluses to 
adult sheep 


of phenothiazine often effective in ovine 


such recommendations are based is extremely 


shaky. 

2) It is not considered sound therapeutics 
to take food from a sick, weakened animal sut 
fering from a dietary deficiency. 

3) Swales® has shown that starvation for th 
periods usually recommended has no effectiv 
influence upon the abomasal contents of shee} 

4) Since phenothiazine can be given to a! 
animal on full feed without loss of effect, th 
present compounds should be tested under lik: 
conditions. 

5Swales, W. E.: Preparation of Sheep for Anthe! 


mintic Medication, Can. Jour, Comp. Med, and Ve 
Sci., ii (1938), pp. 57-58. 
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Preliminary to the cunic, copper formate 
and copper sulfate solutions used in these 
tests, a mouth spray of 1 to 2.5 cc. of 10 per 

nt copper sulfate was administered to 
timulate contraction of the oesophageal 
roove, as suggested by Monnig.® 

The flocks used in these experiments were 
typical farm or feeder flocks consisting 
mostly of “westerns.” Flock A at the time 
of treatment showed only the ewes to be 
eavily infected with H. contortus. Flock 
8 had both ewes and lambs heavily infected, 
ind flock C had only lambs showing a 
heavy infection. Flock D was a feeder-lamb 
flock from Texas. It was impossible to ob- 
tain accurate mortality figures from any of 
these flocks, but with the exception of flock 
C, animals were available for postmortem 
examination, and a diagnosis of haemon- 
chosis could be made. Some egg-count data 
were lost because of lack of fecal samples 
or time, but these should not influence the 
results since the losses were due to chance. 


ANALYSIS OF EXPERIMENTAL DATA 


Table I, which summarizes the results of 
these experiments, shows no evidence that 
the addition of formalin and arsenic, nico- 
tine sulfate, or formate to soluble copper 
salts increases the efficacy of the copper 
against H. contortus. In the case of the 
unic preparations there is no evidence that 
either the capsule or the drench was more 
effective than the simple copper sulfate so- 
lution used at the same time. Even when 
ill the data from the several tests of nico- 
tine or arsenic are combined and compared 
vith the proper simple copper sulfate solu- 
‘ion by means of chi-square, no evidence of 
nereased efficacy can be demonstrated. 

These data confirm the suggestion of 
Hardy and Schmidt? that nicotine does not 
supplement copper effectively. It is, of 
‘ourse, possible that the administering of 
he drugs without starvation depressed the 
fficacy of the fortified compound and not 
he simple copper sulfate solutions, but that 
°Monnig, H. O.: On the Toxicity of Nicotine for 
sheep and the use of Nicotine Bluestone Drench for 
Worms in Ruminants, Res. de Med. Trop. y Parasit. 
Bact. Clin. y Lab., iii (1935), pp. 3-10. 

THardy, W. T., and Schmidt, H.: Stomach Worms 


in Sheep and Goats, Tex. Agr. Exp. Sta. Bull. 448 
(1932). 


is unlikely. What is more probable is the 
existence of some factor, possibly the er- 
ratic reaction of the oesophageal groove, 
which prevents all or part of the drug in 
certain animals from reaching the para- 
sites. 

Table I also reveals that phenothiazine is 
significantly more effective than copper 
compounds. This confirms the reports of 
numerous other investigators. 


DISCUSSION 


Before it is possible to discuss the 
therapy of a disease, it is necessary to 
identify its various manifestations. Fol- 
lowing the example provided by Cort® in 
ancylostomiasis, we prefer to distinguish 
between acute and chronic haemonchosis. 
In any heavily infected flock, both types of 
the disease occur as well as infections which 
apparently cause no disturbance whatso- 
ever. For the purposes of subsequent dis- 
cussions, we define acute haemonchosis as an 
acute disease caused by the activities of 
H. contortus in the abomasum, and charac- 
terized by a marked anemia, pronounced 
symptoms of subcutaneous edema, lassitude, 
loss of appetite, and constipation. The acute 
form of the disease in Kansas is often com- 
plicated by respiratory infections, screw- 
worm infestations, and sometimes tape- 
worm infections. It occurs in young ani- 
mals and mature animals on a deficient diet. 
The chronic form of the disease is often 
difficult to ascertain clinically. This, the 
commonest form, may flare up into the 
acute, particularly if anything occurs to 
overcome the host’s resistance to the para- 
site. The chronic type grades insensibly 
into the mere infection. Since it is dif- 
ficult to say exactly how many worms will 
make a sheep sick, we prefer to simplify the 
problem and assume that any infection pro- 
ducing 2,000 ep.g. is causing sufficient 
blood loss to be a detriment to the host. 
A chronic infection, therefore, is any in- 
fection producing over 2,000 e.p.g. without 
causing marked symptoms characteristic of 
the acute form. 

On the basis of the present experiments, 


8Cort, W. W.: Variations in Hookworm Disease, 
Jour. Parasit., xix (1932), pp. 142-147. 
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copper sulfate should be expected to remove 
satisfactory numbers of H. contortus in the 
majority of cases. Because of the low cost, 
toxicity and ease of administration, 10 per 
cent copper sulfate solution in the dosage 
of 1 cc. per 10 lb. of body weight preceded 
by 1 to 2.5 cc. of the same solution, depend- 
ing upon weight, is the treatment of choice 
whenever the problem consists solely of re- 
moving H. contortus, This means that it is 
recommended in chronic haemonchosis and 
as the drug to be used in monthly treat- 
ments to prevent the disease. There is no 
evidence of fortification; hence, no justifica- 
tion for adding nicotine, formate, formalin 
or arsenic to copper in the treatment of 
haemonchosis. Although Gordon’ has 
shown that nicotine and arsenic fortify the 
action of copper against immature forms 
of H. contortus, an animal which really 
needs to have the immature forms of the 
parasite destroyed is probably too weak to 
tolerate copper, nicotine, or arsenic. 

Likewise, on the basis of the present ex- 
periments, copper sulfate will fail to remove 
H. contortus in satisfactory numbers from 
an appreciable number of infected animals. 
Therefore, whenever the problem is funda- 
mentally that of saving the life of an ani- 
mal suffering from haemonchosis, copper 
sulfate is decidedly not the drug to use. 
Particularly is this true in view of the fact 
that acutely ill animals will sometimes die 
even though the worms have been removed 
by copper therapy. Phenothiazine will like- 
wise sometimes fail in acute cases of stom- 
ach worm disease, but as far as the present 
evidence goes, it does not fail as often as 
copper sulfate. Therefore, it is guardedly 
recommended for treatment of acute hae- 
monchosis. Since phenothiazine is expen- 
sive and difficult to administer, it would be 
good policy for the practitioner to use it 
only in the acute cases within an infected 
flock. 

Theoretically, rational treatment of acute 
haemonchosis would include restoration of 
the lost blood and improvement of the diet 
to correct its deficiencies. 


The conclusions reached in the foregoing 
discussion are not in agreement with those 


of many other investigators. The chief rex- 
son for the disagreement is the fact that 
few workers with anthelmintics take any 
account of secular variation. Secular varia- 
tion is the variation in the effectiveness of 
a drug when it is tested on different sam- 
ple populations. Thus, in the first visit to 
flock A only 3 out of 14 of the treatments 
were unsatisfactory, while on the second 
treatment with the same drug under ap- 


TABLE | (Part 3). 


SATISFAC- UNSATISFAC- 
TORY TORY 
Cunic Compounds 54 
Simple CuSO, Sols. 61 32 
— 1.309 df—1 
Cu-Ars Sol. 27 9 
Simple CuSO, 27 9 
— non-significant 
Phenothiazine 67 0 
Copper Anthelmintics 57 14 


— 16.12** 


parently identical conditions 15 out of 23 
were unsatisfactory. When tested by chi- 
square this difference is significant. The 
same significant difference shows up when 
the total effectiveness of all the drugs used 
in the two treatments is compared. Each 
of the four flocks differed significantly in 
their reaction as a whole to the copper an- 
thelmintics, the chi-square analysis in table 
I demonstrating this point. 

This analysis of the present experimental! 
data conclusively demonstrates the exist- 
ence of secular variation in anthelmintic 
tests. Its existence, therefore, implies that 
no anthelmintic tests to compare drug or 
dose efficacy are valid unless they are don 
at the same time on approximately the sam: 
population of animals. There is a possibilit; 
that certain anthelmintics under ideal la- 
boratory conditions evidence secula: 
variation (Whitlock and Bliss 1942), bu' 
such cases in pharmacological literature o! 
any sort are rare. The cause of this secular 
variation is obscure. It might be due to the 
sheep carrying varying numbers of in- 
mature H. contortus which Gordon? ha 
shown to be refractory to copper sulfat 


“Gordon, H. MclL.: 
against Immature Haemonchus 
Vet. Jour., xv (1939), pp. 57-66. 


Efficienc 
Aus 


Anthelmintic 
Contortus, 
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terapy. If these become mature following 
atment, an erroneous conception of the 
icacy of the drug might be obtained. 
wwever, nicotine sulfate is supposed to 
rtify the action of copper against im- 
mature forms, according to the same writer. 
The lack of evidence of such fortification 
would seem to indicate that the secular 
variation was not primarily due to imma- 
ture forms of the parasite. The secular 
ariation might be due to the same obscure 
‘actors responsible for its appearance with 
spper nematocides in vitro (Whitlock"'), 
but this is dubious since these compounds 
vitro can be fortified. The most prob- 


able cause of the secular variation is the 
fact that the efficiency of the oesophageal 
groove reflex undoubtedly varies from time 
to time. In support of this theory is the 
fact that the most pronounced secular va- 
riation occurred in flock A, which consisted 
Monnig and Quin!’ 


of aged ewes. As 

‘Whitlock, J. H.: A Practical Dilution 
Count Procedure, J.A.V.M.A., xeviii (1940a), pp. 
166-469. 


have shown, such animals have a poor oeso- 
phageal groove reflex. 
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The Pathogenicity of Streptococcus Agalactiae for Mice and 
Treatment with Sulfanilamide and a Derivative 


M. M. KAPLAN, A.B., V.M.D., M.P.H.; G. W. RAIZISS, Ph.D.; and J. C. MOETSCH 
Philadelphia 


THE NAME Streptococcus mastitidis desig- 
nated a group of apparently similar or- 
ganisms isolated in cases of bovine mas- 
titis. With the aid of improved serological 
and biochemical methods, various investi- 
gators have identified the different organ- 
isms and types within this group. In 1932, 
Minett, Stableforth and Edwards,' who 
contributed largely to this clarification, 
and several German investigators desig- 
nated as Streptococcus agalactiae that 
member of the group which they consid- 
ered the most frequent etiologic organism 
found in chronic bovine mastitis. 

The organism used in our experiments 
was recovered from a recent case of bovine 
mastitis and was held in culture for two 
months. It conforms to Group 1 (Str. 
agalactiae) of Minett,? and Group B by 
Lancefield’s precipitation test. One cc. of 
the bouillon culture supplied to us, inocu- 
lated intraperitoneally, was nonpathogenic 
for white mice. This was in agreement 
with the majority of investigators,” who 
have claimed Str. agalactiae to be of low 
pathogenicity for mice. 

Pathogenicity.—The bouillon culture was 
subcultured in neopeptone broth. Using an 
adaptation of Long’s*t method, passage of 
the organism through mice was done in the 
following manner: 


Contribution from the Dermatological Research 
Laboratory, division of Abbott Laboratories, Phila- 
delphia. 

Drs. Louis A. Klein and Albert 
the University of Pennsylvania supplied the 
ture and subsequently reidentified it. 


L. Kleckner of 
cul- 


iMinett, F. C., Stableforth, A. W., and Edwards, 
S. J.: Studies on Bovine Mastitis. J. Comp. Path. 
Therap., xlv (1932), pp. 1-10. 

2Minett, F. C.: The Bacteriology of Bovine Strep- 
tococcus Mastitis. J. Hygiene, xxxv (1935), pp. 
504-511. 

%Minett, F. C., 
S. J.: Studies on Bovine Mastitis. J. 
Therap., xlii (1929), pp. 213-230. 

‘Long, Perrin H.: Personal communication, Johns 
Hopkins Univ., Baltimore, Md. 


Stableforth, A. W., and Edwards, 
Comp. Path. 


One cc. of the neopeptone broth sub- 
culture was injected intraperitoneally. If 
the animal did not die within 36 hours it 
was sacrificed and its heart was cultured in 
neopeptone blood broth. This was incu- 
bated for 14 hours at 37 C. and 1 ce. of 
the culture was inoculated into a second 
mouse. This procedure was repeated four 
times. Upon inoculating the fifth mouse, 
if death did not occur within 7 hours, the 
animal was killed and its heart cultured 
in neopeptone blood broth and incubated 
for 14 hours at 37 C. 

Two separate pathogenicity tests were 
made on 40 mice. Each mouse was in- 
oculated intraperitoneally with 1 cc. of 
neopeptone blood broth culture. All of the 
40 mice died within 24 hours and the or- 
ganism was recovered, in the majority of 
instances in pure culture, from all of ten 
hearts selected at random. 

In order to eliminate the possibility of 
the medium acting as the lethal agent, sev- 
eral mice were inoculated with the medi- 
um alone. No reaction occurred during 28 
days of observation. 

Treatment with sulfanilamide and « 
derivative, sodium formaldehyde sulfoxy- 
late-sulfanilamide.—The literature reveals 
that several investigators attempted ex- 
perimental therapy with sulfanilamide in 
mice infected with streptococci falling 
under Group B by Lancefield’s precipitation 
test. Only one group of investigators? in- 
dicated that Str. agalactiae was used as 
the infecting organism. 

From their observations, Dawson and 
Hobby® concluded that sulfanilamide was 


Eleanor A.: Tie 
of Sulfanilam' 
The Macm !- 


‘Long, Perrin H., and Bliss, 
Clinical and Experimental Use 
Sulfapyridine and Allied Compounds. 
lan Co., New York, (1939), p. 23. 

®*Dawson, M. H., and Hobby, G. L.: Observatiors 
on the Chemotherapeutic Effect of Sulfanilamide 
Experimental Hemolytic Streptococcal Infections. 
Clin. Invest., xvii (1938), p. 521. 
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eflective against experimental hemolytic 
streptococcal infection with Group B 

ancefield) organisms as well as non- 
hemolytic strains within Group B. No ex- 
perimental data were included in the 
report. Buttle, Gray and Stephenson’ re- 
ported that Colebrook obtained successful 
results with sulfanilamide in mice against 
one strain of streptococcus belonging to 
Lancefield’s Group B. Bliss and Long® 
found that experimental infections in mice 
produced by Lancefield’s Group B (bovine 
and human) strains of hemolytic strepto- 
cocei were quite resistant to sulfanilamide. 
Feinstone® reported little success in the 
control of experimental Lancefield’s Group 
8 streptococcal infections in mice. 

In several experiments in which we in- 
oculated a total of 50 mice with lethal 
doses of the neopeptone blood broth cul- 
ture, failure invariably resulted with sul- 
fanilamide and sodium formaldehyde sul- 
foxylate-sulfanilamide. In these experi- 
ments, one group of mice was inoculated 
intraperitoneally with 0.5 cc. of undiluted 
culture which contained approximately 70 
million organisms, and another group re- 
ceived approximately 14 million organ- 
isms. The drugs were given by gavage 
immediately after infection and _ three 
times daily thereafter at six-hour inter- 
vals. The sulfanilamide was suspended in 
10 per cent gum acacia solution to insure 
a homogeneous mixture. Sodium formalde- 
hyde sulfoxylate-sulfanilamide was given in 
aqueous solution. Ten milligram doses 
vere administered. Nearly all of the ani- 
mals died on the first day. Only one un- 
treated control survived for four days. 
Doubling the dose of the drugs failed to 
exert any appreciable therapeutic effect. 

Bliss and Long® and others,?1°?!! in 
working with beta hemolytic streptococcal 
Lancefield’s Group A) infection in mice, 


aa 


Buttle, G. A. H., Gray, W. H., and Stephenson, 
D. ra: Protection of Mice Against Streptococcal and 
o‘ner Infections by p- Amino - benzenesulfonamide 
acid Related Substances. Lancet, ccxxx (1936), 
1286-1290. 

*‘Feinstone, W. H.: Personal communication to 
Long, Perrin H., and Bliss, Eleanor A.: The Clin- 
ic.l and Experimental Use of Sulfanilamide, Sulfa- 
p-ridine and Allied Compounds. The Macmillan 

, New York, (1939), p. 217. 


interference with the 
therapeutic action of sulfonamides when 
large broth inoculums of low virulence or- 
ganisms were necessary for lethal doses. 
With the possibility in mind that the 
metabolic products of the organism present 
in the crude culture may partially inter- 


noted a marked 


fere with drug therapy, physiological 
saline suspensions made from plated or- 
ganisms were used to infect the mice. 

In a preliminary experiment in which 
30 mice were used, 1 cc. of saline suspen- 
sion of Str. agalactiae containing approxi- 
mately 420 million organisms was used as 
the lethal dose. All of the treated mice, 
as well as the controls, died within two 
days after infection. Upon reducing the 
number of organisms used for infecting 
the mice, radically different therapeutic re- 
sults were obtained (see tables 1 and 2). 

The tables are compilations of three 
separate experiments. The procedure was 
the same as previously outlined, except 
that the heart’s blood of the last mouse, 
after passage of the organism, was 
streaked on blood agar instead of cultured 
in neopeptone blood broth. 

The hearts of 20 mice that succumbed 
were cultured. The organism was recov- 
ered, mostly in pure culture, from 19. This 
number included mice dying as late as 8 
to 10 days after infection or, in the case 
of treated mice, 3 to 5 days after treat- 
ment with the drugs was discontinued. 


DISCUSSION 


The use of physiological saline suspen- 
sions of Str. agalactiae for infecting mice 
revealed that sulfanilamide and sodium 
formaldehyde sulfoxylate - sulfanilamide 
had a therapeutic action. It is noteworthy 
that whereas these two drugs seemingly 
had no effect on mice infected with neo- 
peptone blood broth cultures containing ap- 


*Long, Perrin H., and Bliss, Eleanor A.: The 
Clinical and Experimental Use of Sulfanilamide, 
Sulfapyridine and Allied Compounds. The Macmil- 
lan Co., New York, (1939), p. 17. 

#Bloch-Michel, H., Conte, M., and Durel, P.: 
L’Emploi des Dérivés Sulfamidés non Azoique dans 
le Traitement de l’Erysipéle. Presse Méd., xliv 
(1936), pp. 1583-1584. 

UNitti, G., and Bovet, M.: Action du 4-Sulfona- 
mide-2-4-Diaminobenzol (Prontosil) sur des Infec- 
tions Streptococciques de la Souris Provoquées par 
des Streptocoques d’Origine Humaine. Compt. Rend. 
Soc. de Biol., clx (1935), pp. 1277-1280. 
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TABLE |.—Inoculums Undiluted. 0.5 cc. of Saline 
Suspension Inoculated Intraperitoneally Contained 
Approximately 225-255 Million Organisms. 


SURVIVED 


al 
og A % SUCCUMBED WITHIN 
Days 
or oo AYS 
Controls ae 0 73 87 87 93 100 100 100 
Sulfanila- 


Sodium for- 

maldehyde 

sulfoxylate- 

sulfanila- 

AE 10 0 20 30 40 60 90 100 100 

Note the sharp rise in deaths of treated mice 
after the fifth day, at which time treatment was 
stopped. 


TABLE II.—Inoculums Diluted One-half. 0.5 cc. of 
Saline Suspension Inoculated Intraperitoneally Con- 
tained Approximately 110-130 Million Organisms. 


pe 
Og Ps % SUCCUMBED WITHIN 
Days 
Sulfanila- 


Sodium for- 
maldehyde 
sulfoxylate- 
sulfanila- 
ees 10 60 10 10 10 20 30 40 40 


=o 


proximately 14 million organisms, the, 
exerted a therapeutic action when an ir- 
oculum containing as many as 255 million 
organisms in saline suspension was used. 
Therapeutic action exerted by the drugs 
was even more marked when the infecting 
dose of organisms in saline suspension was 


halved. 
CONCLUSIONS 


Streptococcus agalactiae, which is ordi- 
narily nonpathogenic in mice, assumes 
marked pathogenicity when passed through 
a series of mice. 


The therapeutic action of sulfanilamide 
and sodium formaldehyde sulfoxylate-sul- 
fanilamide seems to be inhibited in mice 
infected with Str. agalactiae in neopeptone 
blood broth medium. 


Sulfanilamide and sodium formaldehyde 
sulfoxylate-sulfanilamide exert a_ specific 
therapeutic action in mice infected with 
Str. agalactiae in a saline suspension. 
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Experiments on the Life History of the Cattle Lungworm, 
Dictyocaulus Viviparus 


DALE A. PORTER, Sc.D., and GEORGE E. CAUTHEN, M.S. 
Auburn, Ala. 


THE CATTLE LUNGWORM, Dictyocaulus vivi- 
porus, has long been recognized as the cause 
of verminous pneumonia and bronchitis in 
cattle. Because of the potential and, in 
many cases, actual damage produced by the 
cattle lungworm, it is desirable that perti- 
nent facts concerning the course of infec- 
tion and symptomatology of this parasitism 
be determined. The life history and host- 
parasite relationships of a related lung- 
worm in sheep, Dictyocaulus filaria, have 
been quite thoroughly investigated (Ro- 
manovich and Slavine,! Guberlet,? Daub- 
ney,? Hobmaier and Hobmaier,* Kauzal,°: 
Shaw,’ and others) but available informa- 
tion on the cattle lungworm is rather 
sketchy, except for studies by Daubney® on 
the development of the preparasitic stages. 
In view of the similarity in the development 
of the preparasitic stages of the sheep and 
cattle lungworms, it has been assumed gen- 
erally that the lungworm of cattle, like its 
close relative that parasitizes sheep, has a 
direct life history. The facts that support 
that assumption are presented in this 
paper. 


From the Regional Animal. Disease Research 
iboratory, U. S. Bureau of Animal Industry. 
‘Romanovitch, and Slavine, <A.: Etude sur 
volution du Dictyocaulus filaria (Strongylus 
tria) et l’Inféstation des Moutons. Compt. Rend. 
c. Biol., Paris, Ixxvii (1914), pp. 444-445. 
Guberlet, J. E.: On the Life History of the 
ingworm, Dictyocaulus filaria, in Sheep (Prelim- 
iry Report). J.A.V.M.A., Iv (1919), pp. 621-627. 
Daubney, R.: The Life Histories of Dictyocaulus 
tria (Rud.) and Dictyocaulus viviparus (Bloch). 
Comp. Path. Therap., xxxiii (1920), pp. 225-264. 
‘Hobmaier, A., and Hobmaier, M.: Die Entwick- 
ig des Lungenwurms des Schafes, Dictyocaulus 
tria, Rud., ausserhalb and innerhalb des Tier- 
rpers. Miinch. Tier. Wehnschr., Ixxx (1933), 
20-26. 
‘Kauzal, G.: Observations on the Bionomics of 
etyocaulus filaria. Austral. Vet. J., ix (1933), pp. 
-26. 
*Kauzal, G.: Observations on the Development 
Resistance to Dictyocaulus filaria. Austral. Vet. 
x (1934), pp. 101-111. 
‘Shaw, J. N.: Lungworms (Dictyocaulus filaria, 
idolphi) in Sheep and Goats. Ore. Agr. Exp. 
“ta, Bul, 327, (1934), 12 pp. 


MATERIALS AND METHODS 


With the exception of one mature cow that 
was used in one test, grade Jersey calves, pur- 
chased at birth from local dairies, were used 
in the experiments. The calves were kept in 
barns, the stalls of which were partitioned 
with wood and floored with concrete. The 
manure was removed and the floors cleaned 
with water daily to prevent extraneous para- 
sitism. The calves were fed milk until about 
5 months of age. Alfalfa hay and aw were 
put before them when they were about!a week 
old and continued as their regular dfet after 
weaning. Naturally infected cattle from near- 
by farms were used as a source of larvae for 
the infection experiments. First-stage lung- 
worm larvae were isolated from freshly passed 
feces of infected cattle by means of a modified 
Baermann apparatus similar to that used by 
Shaw’ in his studies on the sheep lungworm. 
Feces containing the larvae were suspended 
in fine gauze at the top of an 8-inch funnel 
which was filled with warm water. The tip 
of the funnel was attached to a conical test 
tube in which the larvae collected as they mi- 
grated from and settled through the feces. The 
larvae thus collected were placed on moist 
filter paper in small stender dishes and kept at 
room temperature (22 to 28 C.). When cul- 
tures were prepared in this manner, develop- 
ment of the larvae to the third or infective 
stage was completed in 5 to 7 days. Lung- 
worm eggs are rarely eliminated as such, but 
hatch before they are expelled with the drop- 
pings. In our experience, eggs were seen in 
freshly passed feces on only one occasion. The 
parasitized animal was a calf that had a severe 
diarrhea associated with coccidiosis. 

For experimental infections, infective larvae 
were washed from the filter paper and the 
number was estimated by dilution counting be- 
fore they were administered. To inoculate a 
test animal, the larvae were drenched into the 
back of the mouth by means of a dissecting 
blowpipe attached to a 5 cc. rubber bulb. To 
follow the course of the infections, fecal exami- 
nations were begun about 15 days after in- 
oculation. Examinations were made daily until 
appearance of larvae in the droppings and were 
continued at frequent intervals until larvae 
were no longer present in the feces. Large 
numbers of larvae were counted by the dilu- 
tion technique and small numbers by the 
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flotation technique as described by Stoll.** Be- 
cause the first-stage larvae were killed immedi- 
ately in the concentrated solution of sodium 
chloride that was employed in the flotation 
technique and were, therefore, difficult to de- 
tect, it was necessary to employ some other 
levitating medium. It was found that the 
larvae could be floated efficiently and would 
remain viable for at least half an hour in a 
solution of zine sulfate having a_ specific 
gravity of 1.18. This solution, as used by 
Faust and his coworkers” for the diagnosis of 
protozoan cysts and helminth eggs, is made by 
dissolving 331.4 Gm. of ZnSO,.7 H.O in suffi- 
cient water to make 1.0 liter of solution. As 
the total number of larvae at the beginning 
and end of the patent period was usually quite 
small, usually the flotation technique was sup- 
plemented with the Baermann technique pre- 
viously described. Negative flotations were 
checked by examining about 200 Gm. of fresh 
feces by the latter technique. 

One calf died of an injury and two others 
were destroyed during the experiments. The 
remaining animals were subsequently used for 
other experimental work at the laboratory fol- 
lowing recovery. 


OBSERVATIONS AND DATA 


The Course of Infection Following First 
Inoculations—The results of feeding in- 
fective lungworm larvae to calves are sum- 
marized in table 1. As shown by the data 
presented in the table, larvae of D. vivi- 
parus appeared in the feces of the majority 
of the animals in from 24 to 30 days after 
inoculation. This prepatent period was as 
short as 21 days in calf 33, following the 
first inoculation, and as long as 41 days 
following reinoculation of calf 50, to be dis- 
cussed later. No attempt was made to trace 
the migration of the larvae within the host, 
nor to determine the exact time when: they 
reached the lungs. However, young female 
worms, 2.2 to 4.8 mm. long, were found in 
the lungs of calf 51 which was examined 
13 days after larvae were fed. In view of 
the fact that mature females are usually 
60 to 80 mm. long, the growth of these 


8Stoll, N. R.: On Methods of Counting Nematode 
Ova in Sheep Dung. Parasitol., xxii (1930), pp. 
116-136. 

*Stoll, N. R.: Observations on Cattle Nematode 
Infections with a Demonstration of Their Second- 
ary Transmission to Grazing Sheep. J. Parasitol., 
xxii (1936), pp. 386-407. 

Faust, E. C., et al.: A Critical Study of Clinical 
Laboratory Technics for the Diagnosis of Pro- 
tozoan Cysts and Helminth Eggs in Feces. Am. J. 
Trop. Med., xviii (1938), pp. 169-183. 


parasites must be very rapid after they 
reach the lungs. 

The maximum number of larvae was ob- 
served in the feces during the fifth to 
seventh week after the prepatent period. 
The shortest interval between the date of 
appearance of larvae in the feces of the ex- 
perimentally infected host and the date of 
maximum larvae production was observed 
during the infection of the older animals 
(calves 32, 52, and 87), which eliminated 
small numbers of larvae and in which the 
parasites were apparently short lived. The 
duration of infection, measured from the 
time of inoculation until larvae of the next 
generation were no longer present in the 
feces, was longer in younger than in older 
animals. The length of life varied from 
slightly over a month, in the case of the 
calves 208 to 342 days old, up to 4 months 
in calf 47, first infected when 6 days old. 
Postmortem examination of calf 97, killed 
13 days after disappearance of larvae from 
the feces, failed to reveal Jungworms. This 
finding indicates that the disappearance of 
larvae was coincident with the death of the 
worms in the lungs and their elimination 
from the host shortly thereafter. 


Reinfection.—Attempts to reinfect the 
host following the loss of worms in the 
initial infection were made in the case of 
calves 33, 47, and 50 (table 1). Calf 33, 
first inoculated on Oct. 3, 1939, was fed 
1,300 larvae on April 24 and 2,250 larvae on 
May 2, 1940, 126 and 134 days, respectively, 
after the termination of the first infection 
as determined by the absence of larvae in 
the feces. This animal subsequently did 
not pass lungworm larvae following these 
inoculations nor show any other evidence of 
infection. Calf 32, of the same age, was 
fed the same number of larvae from the 
same culture, on the same days calf 33 was 
reinoculated. Calf 32 did harbor a sma’! 
number of adult lungworms, as shown by 
the presence of small numbers of larvae in 
feces passed between the twenty-sixth and 
thirty-second days after the first inocula- 
tion (table 1). 

Calf 47 was first fed 200 infective larvae 
on Dec. 22, 1939, and reinoculated with 


OcTOBER 1942 


CATTLE LUNGWORM 


TABLE 1.—Data on Experimental Infections with Dictyocaulus viviparus Produced in Calves by Feeding 
Infective Larvae 


LARVAE FED 
(ESTIMATED ) 


CALF NUMBER 
INOCULATED 


OF LARVAE IN FECES 
INTERVAL BETWEEN 


INOCULATION AND 


INTERVAL BETWEEN 
MAXIMUM 


INOCULATION 
INTERVAL BETWEEN 
INOCULATION AND 
DISAPPEARANCE 

OF LARVAE 


NUMBER OF LARVAE 
FROM FECES 


AND APPEARANCE 
IN FECES 


LARVAE PER 


MAXIMUM 


DATE NUMBER 


NUMBER 


10- 3-39 
4-24-40 
5- 2-40 
5- 2-40 
12-22-39 
5- 2-40 
3-20-40 
4-29-40 
1- 6-41 
4-29-40 
1- 6-41 
87 4-14-41 
96 10-26-40 
97 ‘ 12-28-40 
98 2-28-41 
141 5-20-41 


6500 
1300 
2250- 
2250 
200 
6500 
575 
4250 
2100 
4250° 
2100 
6000 
1500 
7500 
1000 
2000 


| 
~ 


800 


25 


28 


‘Reinfection. 

224 days since second inoculation. 

'50 days since second inoculation. 

194 larvae per Gm. of fecey observed 24 and 26 
days after second inoculation (see fig. 1). 

5Died of injury 13 days after inoculation. 
ture lungworms recovered. 

"Killed 63 days after inoculation. 5 
female lungworms recovered. 
eces, 


Imma- 


male and 2 
8 larvae per Gm. of 


6,500 larvae on May 2, 1940, 132 days later. 
Larvae from the first infection had disap- 
peared from the feces 12 days previously. 
lt is quite possible that a larger number of 
vorms was established from the second in- 
oculation than from the first, as indicated 
by the larvae counts. A maximum of 86 
irvae per Gm. of feces was observed 37 
days after the second dose of larvae was 
fed. Although this was only 26 more than 
‘he largest number passed during the course 
f the first infection, the total number of 
arvae passed per day at this time was ap- 
roximately 10 times greater, due to the 
act that the calf at this age was passing 
even times the amount of feces passed per 
lay during the course of the first infection. 
“he data on larvae counts after inoculation 
‘f calf 50 are shown graphically in figure 1. 


As shown by the figure, larvae were first 
detected in the feces of this animal 24 days 
after the initial inoculation on March 20, 
1940. Forty days after the first inoculation, 
this calf was fed 4,250 additional larvae. 


That additional worms were established 
is indicated by the recovery of 194 larvae 
per Gm. of feces 24 and 26 days after the 
second inoculation. This last peak was fol- 
lowed by a precipitous decrease in the num- 
ber of larvae until they were no longer pres- 
ent 90 days after the first and 50 days after 
the second inoculation. This animal was still 
negative when fed 2,100 infective lungworm 
larvae 102 days later (figure 1). Larvae 
from the female worms in this inoculation 
were first detected on the forty-first day by 
using the modified Baermann technique. 
Two larvae per Gm. of feces were present 
on the forty-fourth day, after which the 
number of larvae became so small as to be 
detected only by Baermann isolation. Lar- 
vae disappeared entirely 50 days after re- 
inoculation, or 241 days after experimental 
infection., Calf 52 served as control in this 
test. This calf, previously unparasitized, 
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was similarly inoculated at the same time 
that calf 50 was reinoculated. Small num- 
bers of larvae were detected in the feces 
from the thirtieth to the thirty-third day. 
Aside from earlier maturity of the worms, 
there was no evidence that this calf was 


mental infection; however, the latter wee 
not as heavily parasitized as was calf °3, 
judging from the number of larvae passed. 
Examination of the blood of calves 33, 50, 
96, and 97 at weekly intervals during the 
course of infection failed to reveal any evi- 
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Fig. |. Larvae counts obtained on feces of calf 50 fed infective lungworm larvae as indicated. Points 


on base line indicate positive samples, open circles indicate negative findings. 


more susceptible to infection than was calf 
50, which had a previous history of para- 
sitism with lungworms. 


Effects of Lungworms on the Host.—Ob- 
servations on the physical condition and 
activity of the hosts during the course of 
infection disclosed manifestations of pul- 
monary involvement and retardation of 
growth in the younger calves (33, 47, 50, 
96, 97, 98), where it was evident from the 
larvae counts that a sizeable number of 
adult worms had become established in the 
lungs. Such symptoms as shallow, labored 
breathing, persistent coughing, and dimin- 
ished appetite became evident about the 
time larvae appeared in the feces. Gradual 
symptomatic improvement followed elimina- 
tion of the parasites. Calf 33 had an inter- 
mittent diarrhea between the thirty-fifth 
and fifty-first day of initial infection. 
Diarrhea was not observed in calf 32, serv- 
ing at the time as an uninfected control. 
Diarrhea was not observed in any of the 
other animals during the course of experi- 


dence of anemia or significant change in the 
number of leucocytes. A slower growth rate 
as a result of the infection was demonstra- 
ble by comparing the growth of infected 
and uninfected animals of the same age, 
kept under identical conditions on a similar 
diet. For example, calves 32 and 33 each 
weighed 135 lb. when the latter was first 
fed lungworm larvae Oct. 3, 1939. Calf 35 
gained an average of 4.5 lb. per week be- 
tween the date of inoculation and December 
22, a week after larvae disappeared. Ca! 
32, the uninfected control of the same ag: 

gained an average of 7.5 lb. per week durins 
the same period. At the time calf 33 wa 
reinoculated (Apr. 24, 1940), it weighe 

370 lb., whereas calf 32 weighed 425 Ib. 

A further opportunity to observe t! 
effects of this parasite on the growth of t! 
host was afforded by recording the weigh‘ 
of calves 96, 97, and 98. These calves we! 
inocilated in order, the first on Oct. 2' 
1940, the second on Dec. 28, 1940, and th 
third on Feb. 28, 1941 (table 1). In thi 
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ay, calves 97 and 98 served as controls 
vr calf 96, until the former was inoculated. 
alf 98 then served as control for calf 97. 


show any symptoms of lungworm disease, 
nor were larvae detected in its feces during ° 
daily examinations for the first two months 


alf 96 gained an average of 5.1 lb. per Of life. 


‘eek between the date of inoculation and 
kecember 28, a period of approximately 2 
onths, whereas calves 97 and 98 gained 
2 and 6.3-l1b. per week, respectively. 
Calf 97 gained an average of 10 lb. per 
eek and calf 98 gained 12.2 lb. per week 
vetween December 28, when the former was 
noculated, and February 28, the date the 
atter was fed infective larvae. In the 
period between October 26, when calf 96 
was inoculated, and February 28, a period 
of 125 days, this animal gained a total of 
128 lb., whereas calf 98, as yet uninfected, 
yained a total of 155 lb. 

Prenatal Infection.—The possibility of 
prenatal infection of sheep and cattle with 
their respective species of Dictyocaulus has 
been recognized for some time. Neveu- 
Lemaire"! reported finding adult D. filaria 
in the bronchi of a fetus in utero and also 
in a 4-day-old lamb. Kasparek'? found 
calves only 1% fo 8 days old to be affected 
with lungworms. These findings, in the 
light of our present knowledge regarding 
the time necessary for development of the 
sheep and cattle lungworms, indicate intra- 
uterine infection. One experiment con- 
ducted by the writers, however, suggests 
that prenatal infection in cattle is not 
readily established. In this experiment, a 
multiparous cow was fed a total of 30,600 


nfective larvae of D. viviparus over a.> 


eriod of one month, ending two weeks be- 
re parturition. The larvae were fed in 
oses of 2,100 to 7,000 at intervals of from 
to 11 days. Frequent coughing on the 
art of the host was observed during the 
hird to the seventh week after the first 
se of larvae was given. However, lung- 
orm larvae were not observed in its feces 

any time although daily examinations 
ere made over a period of two and one-half 
onths. The calf born to this cow did not 


Les Premiers Stades Evo- 
Bul, Soc. Zoél. France, 


“Neveu-Lemaire, M.: 
tif du Strongle Filaire. 
‘xvii (1912), pp. 238-241. 
“Kasparek, Th.: Beitrag zur Prophylaxis der 
ungewurmseuche. Arch. Tier., Berl., xxvi (1900), 
p. 70-73. 


DISCUSSION 


The experimental infections described in 
this paper show that the development of 
the cattle lungworm is essentially similar 
to that reported for the sheep lungworm. 
According to Kauzal,® the prepatent period 
of the latter parasite was 25 to 35 days in 
6-week-old lambs fed a single dose of larvae, 
and 37 to 41 days in 4- to 6-week-old lambs 
fed repeated doses of larvae. The former 
group threw off the infection in 66 to 103 
days, and the latter group ceased to pass 
larvae in 64 to 71 days after the first dose 
of larvae was fed. Other investigators: * 7 
found the interval between date of inocula- 
tion and appearance of larvae in the feces 
of lambs to range from 38 to 42 days. None 
of the animals in Shaw’s’ experiments re- 
mained infected longer than 56 days. Kau- 
zal® and Shaw’ found older sheep more re- 
sistant to experimental infection than 


younger ones, and the former presented evi- 


dence indicating that the age factor is more 
important in the host’s resistance than is 
previous infection. , According to the data 
presented in this paper, the, prepatent 
period varied from 21 to 30 days following 
the first inoculation and the infection was 
thrown off in 32 to 120 days. Marked re- 
infection was obtained in one calf reinocu- 


Yated when'138 days old. Reinfection failed 


ig*a@ne short yearling; in another the worms 
matured slowly and lived only a short time. 
Although the results obtained in these 
short yearlings indicated an acquired re- 
sistance to reinfection, the initial infections 


. in other short yearlings were of a mild type 


art of short duration, as compared with the 
longer, more severe infections established 
in the younger calves. The writers recently 
observed a herd of long yearling steers that 
had been continually exposed to reinfection 
on pasture. The majority of the animals 
in the herd were still infected with lung- 
worms eight months after this parasitism 
was first diagnosed. An explanation of this 
fact is difficult in the light of the experi- 
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mental work described in this paper. It is 
possible that the life span is no longer under 
natural than under experimental conditions, 
but rather that some factors as yet undis- 
closed are responsible for reinfection occur- 
ring more readily in older animals under 
conditions of natural exposure. 


SUMMARY 


1) Experimental infections of cattle 
with the lungworm, Dictyocaulus viviparus, 
were established in calves by feeding the 
infective larvae. An attempt to infect a 
calf prenatally by feeding infective larvae 
to the pregnant dam gave negative results. 


2) Zine sulfate solution (sp. gr. 1.18) 
with Stoll’s’* technique was employed to 
detect larvae in the feces and thus follow 
the course of infection. 


3) Larvae appeared in the feces in from 
21 to 30 days after inoculation; the pre- 
patent period in a yearling previously para- 
sitized was 41 days. 

4) The duration of infection, measured 


from the time of inoculation until larvae of 
the next generation were no longer being 


passed in the feces, varied from about one 
month, in animals ranging from 208 to 342 
days old at the time of inoculation, to four 
months in one calf inoculated when only 
6 days old. 


5) Reinfection was successful in a 4!,- 
month-old calf, but only a slight infection 
was established in one of two short year- 
lings that were inoculated after worms 
from a previous infection had been natur- 
ally eliminated. 


6) No symptoms were observed in pri- 
mary infection and in reinfection of the 
older animals. Symptoms such as cough- 
ing, difficult breathing, and diminished ap- 
petite were seen in the more severe cases 
following initial inoculation in the younger 
calves. Intermittent diarrhea was observed 
in one calf having the most severe infection 
with lungworms. The gains in weight of 
infected animals were less than those of 
uninfected controls. There was no evidence 
of anemia nor significant change in the 
number of leucocytes in the blood of ani- 
mals examined during the course of in- 
fection. 


Analyses of Gas and Ingesta of Bloated Cattle 
R. W. DOUGHERTY, B.S., D.V.M., M.S. 


Corvallis, Ore. 


(\XPERIMENTAL STUDIES! * have shown that 
wo toxic gases (carbon monoxide and 
ydrogen sulfide) common to the rumen 
are readily absorbed from the digestive 
tract, and that an increase in pressure in 
the rumino-reticular sac increases the rate 
at which these gases reach the blood stream. 

It has also been shown? that concentra- 
tions of one of these gases (H,S) can be 
increased, in vivo, by feeding good alfalfa 
hay and by placing cystine or inorganic 
sulfur in the rumen. 

Relatively high intraruminal pressures 
have been maintained for several minutes 
in experimental cows with no apparent 
harmful effects. 

It is felt, then, that there is a possible 
relationship between the termination of 
acute tympanites and the presence and 
amount of toxic gases in the rumen and 
other parts of the digestive tract. The ad- 
visability of correlating certain experi- 
mental evidence with findings in actual 
bloat cases has seemed highly desirable 
since this work began. The location of the 
station and certain geographic factors have 
made it difficult to carry on such studies 
either before or within a reasonable time 
after death. 

Attempts to produce bloat by feeding 
methods have met with the same lack of 
uccess as has been experienced at other 
tations. 

On Nov. 7, 1941, an opportunity was pré- 
ented to make a study of material taken a 
‘ew hours after death from three animals 
vhich had died of bloat. These animals 
vere steers weighing over 800 pounds, in 


Technical paper No. 400 of the Oregon Agricul- 
iral Experiment Station. From the Department 
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very good condition, having been in the feed 
lot three weeks. Prior to this time, they 
had been kept under better-than-average 
range conditions. Feeding and management 
conditions on this ranch are exceptionally 
good. 

A mixture of first and second cutting 
chopped alfalfa hay was fed in these feed 
lots the first week. Grain feeding was 
started the second week and was gradually 
increased until each animal was getting 
seven pounds a day at the end of the third 
week. The grain ration consisted of one- 
half ground rye and one-half ground barley. 
A supplement had been added to the grain 
at the rate of one pound to eight pounds 
of grain. 

PROCEDURE 

Intraruminal Pressures in the Dead 
Animals.—Intraruminal pressures in the 
dead animals varied from 72 to 75 mm. of 
mercury. These pressures were approxi- 
mately half as great as the maximum pres- 
sures which were established experiment- 
ally.* 

The animals had been dead from three 
to twelve hours and had been kept in the 
shade. The prevailing temperature was 
quite cool at the time, so that it is felt that 
postmortem changes were kept at a mini- 
mum. 

Gas samples were taken from the rumen 
of each animal. The ingesta was “frothy” 
in each of the animals. Sufficient liquid 
was expressed manually from the ingesta 
for chemical analyses. These samples were 
kept in airtight containers. One sample of 
abomasum ingesta was taken. 


CHEMICAL ANALYSES OF INGESTA 
0.702 
0.141 
0.217 
0.688 
0.450 
0.646 
1.208 


Gas Samples 


Ingesta Samples (Rumen) 


Ingesta Samples (Abomasum) No. 
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H,S determinations were made using the 
method described by Christensen and 
Wong.” 

Recent work on the paralyzing effect of 
histamine on the rumen suggested the ad- 
visability of making determinations of the 
histamine content of the ingesta. The his- 
tamine determinations were made _ spec- 
trophotelometrically, using a modification 
of the extraction method described by 
Furman.‘ Final readings were made of his- 
tamine di-hydrochloride and, after conver- 
sion, recorded as histamine. (Histamine 
determinations were made by the Depart- 
ment of Chemistry.) 


globin formed in animals dying of acute 
H.S poisoning are incidental and apparent- 
ly have no bearing on the immediate cause 
of death. Briefly, there is at present no 
definite method of determining whether an 
animal has died of H,S poisoning. 

Work done at this station by Shaw, 
Muth, and Seghetti® and rumen motility 
experiments now in progress suggested that 
histamine might be a factor in bloat. From 
2 to 5 mg. of histamine injected intra- 
venously causes a complete paralysis of the 
rumen for 5 to 20 minutes. During this 
work, it has also been shown that paralysis 
of the rumen inhibits eructation. 


HISTAMINE CONTENT OF INGESTA 


~ Rumen sample No. 1 
Rumen sample No. 2 
Rumen sample No. 3 


0.966 mg. per 100 cc. of ingesta 
0.602 mg. per 100 ce. of ingesta 
2.454 mg. per 100 cc. of ingesta 


Abomasum sample from steer 3 2.16 mg. per 100 cc. of ingesta 


PROTEIN CONTENT OF FEED 


Chopped alfalfa hay — 


Grain—'% rye and % barley 
Concentrate (supplement) 


“(Feed analyses “were made by the Department of Agricultural Chemistry.) 


DISCUSSION 

In this type of work, it is an established 
fact that occasionally experimental data 
should be compared with that obtained from 
actual field cases. In submitting the data 
in this progress report, such an attempt 
has been made. ‘ 

It is realized that data obtained from 
material collected from animals just before 
or soon after death should be more signifi- 
cant. 

The relatively high concentration of H.S 
in the material may be significant. The 
proof of its importance in field cases is yet 
to be determined. Rather extensive studies 
of the action of hydrogen sulfide have been 
carried on in codéperation with the depart- 
ment of chemistry. It was hoped that 
methods could be devised that would enable 
detection of the insidious manner in which 
the gas works. So far, such efforts have 
been fruitless. Small amounts of sulfhemo- 


*Christensen, B. E., and Wong, Robert: Deter- 
mination of Hydrogen Sulfide in Stomach Contents 
of Experimental Animals. Proc. Soc. Exp. Biol. 


Med., xIvii (1941), pp. 54-56. 

‘Fuhrman, Frederick A.: A Colorimetric Assay 
Method for Solution of Histamine Phosphate. Phar. 
(Jan., 


Arch., 1941). 


protein 
11.64% protein 
25.62% protein 


It is an interesting fact that relatively 
large amounts of histamine were present 
in the ingesta samples. 

The histamine content of rumen ingesta 
can be increased markedly by feeding pro- 
tein-rich feeds. At the same time, the H.S 
content also increases. The increase in his- 
tamine may be due to decarboxylation of 
histidine. 

It is hoped that this brief report of data 
obtained from actual bloat cases may stimu- 
late additional studies on actual cases when 
their proximity permits. 


SUMMARY 


“Ingesta and gas samples were taken 
shortly after death from three steers that 
had died of acute tympanites. 

All gas and ingesta samples had relative- 
ly high concentrations of H,S. 

All ingesta samples were relatively high 
in histamine content. 

Existing pressures in the _ rumino- 
reticular cavities of the dead animals varied 
between 72 and 75 mm. of mercury. 

‘Shaw, J. H., Muth, O. H., and Seghetti, L.: 


Pulpy Kidney Disease in Oregon Lambs. Ore. Agr. 
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Parasites of Moose in Northern Minnesota 


O. WILFORD OLSEN, B.A., M.A., Ph.D., and REVEL FENSTERMACHER, D.V.M. 
St. Paul, Minn. 


| HE HELMINTH and arthropod parasites re- 
covered from moose (Alces americana amer- 
icana (Clinton) ) in northern Minnesota 
have been reported by Fenstermacher and 
Jellison,! Wallace,? Fenstermacher*: * ° and 
Jellison.6 More recently, Dikmans’ sum- 
marized the literature on the helminth para- 
sites infesting North American semi-do- 
mesticated and wild ruminants, in which he 
listed all the forms known to infect the 
moose. In addition to the species reported 
by Wallace, Fenstermacher, and Jellison, 
Dikmans’ list contained the fringed tape- 
worm (Thysanosoma actinioides) from a 
moose taken in the Yellowstone National 
Park, Wyoming. 
Since the publication of the lists of para- 
sites by these authors, 10 additional ani- 
mals from Minnesota have been examined. 
Eight of these specimens were represented 
by entire carcasses, one of which was a 
7-year-old bull that had been held in cap- 
tivity at Itasca State Park since calfhood. 
The other two individuals were represented 
only by portions of the carcass. From these 
10 animals, 12 species of parasites were 
obtained, 9 of which have been reported by 
the above mentioned authors. Three nema- 
ode parasites heretofore unreported for 
noose in North America were found to con- 
titute new records. They are the whip- 
orm (Trichuris sp.), 17 specimens; the 
odular worm (Oe¢esophagostomum (H.) 
enulosum), 22 specimens; and a large in- 
stinal round worm (Ascaris sp.), 2 fe- 
specimens.2 The first two species 
ere found in the animal confined in 
tasca Park. White-tailed deer (Odocoileus 


Paper No. 1977, scientific journal series, Minne- 
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-71-124, WPA, sponsored by the University of 
linnesota,. 

From the Divisions of Entomology and Economic 
ojlogy (Olsen, resigned Aug. 15, 1939, to enter 
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iary Medicine (Fenstermacher), University of 
\innesota. 


virginianus) roamed freely outside the 
moose enclosure, which also was near to the 
one containing the herd of bison (Bison 
bison). According to Dikmans,’ the nodular 
worm has been reported from the white- 
tailed deer. All three species of parasites 
occur commonly in domestic ruminants. 

In considering the species of whipworm 
involved, Dr. G. Dikmans, of the United 
States Bureau of Animal Industry, in a 
personal letter® stated that “‘The question of 
the species of Trichuris found in domestic 
and wild ruminants has not been sufficiently 
studied ... (and) ..., The present status 
of this group is a constant annoyance.” In 
deference to this opinion, it appears best to 
designate these nematodes as Trichuris sp. 
until further studies have been made on the 
group. Wetzel and Enigk® and Hinemann'’ 
reported the whipworm (Trichuris globu- 
losa) and Hinemann’ the nodular worm 
(O. (H.) venulosum) from the European 
elk (Alces alces). 

Chapin™ described as Dictyocaulus had- 
went a nematode found in the lungs of the 
American bison at Wainwright, Alberta, 
Canada, which was reported later from the 
moose by Wallace.2, Dikmans!* found that 
the range of variation in the bursal rays 
and spicules of Dictyocaulus viviparus 
(Block, 1782) included those of D. hadweni. 
His conclusion that D. hadweni is a 
synonym of D. viviparus is concurred in by 
the writers. 

The frequency with which the various 
parasites were found in the moose examined 
is shown in table I. The percentage of in- 
fections is based on the number of possi- 
bilities for the parasites to be found, de- 
pending upon whether the entire carcass or 
only a portion of it was available for ex- 
amination. 

The distribution of the species of para- 
sites in the individual animals showed that 
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multiple infections are the rule. Of the 15 
species of parasites listed in table I, the 
six occurring most commonly are, in the 
order of frequency, the winter tick (Derm- 
acentor albipietus); two species of nema- 
todes, the small intestinal round worm 
(Nematodirella longispiculata) and _ the 
lung worm (D. viviparus); the bladder 
worm (Cysticercus tenuicollis Taenia 
hydatigena) ; one species of larval cestode, 
the hydatid cyst of Echinococcus granulo- 
sus; and one species of fluke, the rumen 
fluke (Paramphistomum cervi). The re- 
maining nine species occurred more rarely. 


While the six most common species, judg- 
ing from the frequency with which they oc- 
curred and their relative numbers in most 
cases, may be the causes of poor health in 
moose, death was diagnosed definitely in 
only one case as being caused by a parasite; 
namely, the large liver fluke (Fascioloides 
magna). Seyfarth!® reported that calves of 
A. alces, infected with large numbers of 
the rumen fluke, became so emaciated as the 
result of widespread destruction of the 
stratum corneum of the rumen that they 
had to be killed. No evidence of such a le- 
sion was observed in A. americana. The 
probable importance, however, of a larval 
nematode found in the brain stem of one 
animal (Fenstermacher* +) should not be 
overlooked, although its significance is not 
known definitely. 

In most instances, the effect of the vari- 
ous parasites, individually and collectively, 
is difficult to evaluate in wild animals, 
where opportunities for their study are 
limited. It is felt, however, that a general 
discussion of the relative abundance of the 
parasites in the order of their frequency 
will be of value to persons interested in the 
diseases and parasites of moose. 


ARTHROPODA 


The only arthropod which occurred in any 
significant numbers was the winter tick 
(D. albipictus). It was found frequently 
in great numbers (Fenstermacher and Jel- 
lison'), occurring on 67 per cent of the 
animals examined, in every month of the 
year in which moose were collected ex- 
cept July. Of the animals reported as har- 


boring ticks, seven were designated as be- 
ing very heavily infested. The photographs 
published by Fenstermacher and Jellison' 
bear witness to the extent and seriousness 
of some of the infestations. 

The only other arthropod reported is a 
single specimen of black fly (Simulium 
venustum) collected from a sick female 
moose killed at Grand Marais on Oct. 11, 
1933. The relationship may have been 
purely coincidental. 

Although but a single important species 
of arthropod parasite has been found in- 
festing Minnesota moose, the European elk, 
considered by some authorities to be the 
same as the American moose, is known to 
harbor at least six species, including two 
mites and four flies. Mangy conditions ap- 
pearing on A. alces in Germany were caused 
by Psoroptes and Sarcoptes mites. Psoroptes 
mange was observed to occur on emaciated 
animals, appearing as bare patches partic- 
ularly on the cape at the base of the bell, in 
the mane, and on the skin folds of the shoul- 
der. A fatal case of sarcoptic mange was 
observed in one young animal (Ullrich). 
Two nasal botflies (Cephenomyia ulrichii 
and Pharyngomyia picta), the deer hippo- 
boscid fly (Lipoptera cervi), and the deer 
warble (Hypoderma diana) were found in 
Germany by Eichler.'® Nose bots were re- 
ported as the probable cause of death in one 


‘specimen of A. alces in Germany by Wetzel 


and Enigk.!® 

The occurrence of nasal bots in A. alces is 
of interest since they have never been re- 
ported from A. americana, although the 
nasal bot (Cephenomyia phobifer) is com- 
mon in deer throughout northern Minne- 
sota. 

Two species of nematodes, N. longispicu- 
lata from the small intestine and D. vivi- 
parus from the lungs, occurred in 46.6 anc 
42.4 per cent of the 30 and 33 viscera, re- 
spectively, available for examination. Ex- 
tensive intestinal enteritis was present i! 
cases where infection with N. longispiculatu 
was heavy. 

Four other species of nematodes were 
found on rare occasions; namely, the body- 
cavity filariid (Setaria cervi), the nodula: 
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orm (O. (H.) venulosum), the whipworm 
Trichuris sp.) and a large intestinal worm 
Ascaris sp.). The three latter species con- 
titute new records for A. americana. 

In addition to the five species of nema- 
todes reported above, two specimens of in- 
terest have been found. Fenstermacher*: 4 
‘ound an immature nematode in the brain 
stem of one sick moose. It is of interest to 
note that a similar infection of the spinal 
cord of A. alces in Germany by an imma- 
ture filariid was reported by Wetzel and 
Enigk.'*7 An immature female nematode 
recovered by Fenstermacher® from the an- 
terior chamber of the eye of an adult female 
moose was reported by Dikmans and Wehr!* 
as probably belonging to the Elapho- 
strongylus. 

The list of nematodes reported for A. 
alces, which includes 11 species, is consid- 
erably longer than that for A. americana, 
but no data are given in regard to their 
incidence. For the convenience of workers 
who have the opportunity to make parasite 
studies or collections from the moose, the 
list of nematodes reported for A. alces is 
included as an aid for the interpretation of 
their findings. Species marked with an 
asterisk have been found also in A. ameri- 
cana. 


them was not made to ascertain their iden- 
tity. Attempts to obtain adult forms by 
feeding Cysticercus found in the myocar- 
dium to a fox by Christensen (Fenster- 
macher*) and to dogs by Fredine (Fenster- 
macher and Jellison,' Fenstermacher*) and 
by the authors were unsuccessful. The 
Cysticercus found in the liver were shown 
by Wallace? by Fredine (Fenstermacher 
and Jellison,! Fenstermacher*) and by the 
authors to develop into T. hydatigena in 
dogs in 63 days. In addition to Cysticercus 
in the heart, one moose harbored numerous 
cysts in the skeletal muscles and some in 
the intestinal mesentery. It is the authors’ 
opinion that the Cysticercus found in the 
myocardium and mesentery, as well as 
those from the skeletal muscles of moose 
in northern Minnesota, are those of T. 
hydatigena which occur so commonly in the 
adult form in the coyotes and wolves of 
that region. 

Feeding experiments conducted by Wetzel 
and Enigk,'® in which they fed Cysticercus 
from the heart and masseter muscles and 
from the mesentery and liver to dogs, pro- 
duced mature T. hydatigena in 63 and 66 
days, respectively. 

The hydatid cysts of the tapeworm (E£. 
granulosus) were found commonly in the 


SPECIES 


CoMMON NAME 


HABITAT AUTHORITY 


*Dictyocaulus viviparus 
Haemonchus contortus 
Ostertagia circumcincta 
Muellerius capillaris 

Filariid 

Strongyloides papillosa 
*Setaria cervi 
*Oesophagostomum venulosum 
Bunostomum trigonocephalum 
Vematodirus filicollis 
‘richuris globulosa 


Filariid 
Hookworm 


Whipworm 


Large lung worm 
Large stomach worm 
Small stomach worm 
Small lung worm 
Immature filariid 


Nodular worm 


Wetzel and Enigk® 
Wetzel and Enigk” 
Wetzel and Enigk” 
Wetzel and Enigk” 
Wetzel and Enigk” 
Wetzel and Enigk’® 
Wetzel and Enigk’ 
Hinemann” 
Hinemann” 
Hinemann” 
Hinemann” 


Lung 
Abomasum 
Abomasum 
Lung 

Spinal cord 
Small intestine 
Body cavity 
Colon 

Small intestine 
Small intestine 
Cecum 


CESTODA 


Cestodes, particularly the larval stages, 
onstitute one of the commonest parasitic 


infections encountered in A. americana. 
[wo larval and two adult forms of tape- 
worms have been identified definitely. Wal- 
lace? reported Cysticercus from the cardiac 
muscles of two moose that resembled Cys- 
ticereus cellulosae, but a critical study of 


lungs and occasionally in the liver of A. 
americana. Wallace? and Fredine (Fenster- 
macher®) ascertained their identity by 
feeding the cysts to dogs from which they 
obtained large numbers of the adult worms. 
Hadwen2’ reported hydatid cysts from 
moose in Manitoba, and Law and Kennedy?! 
found a heavy infection in the lungs of an 
Ontario moose. 

The adults of EF. granulosus occur com- 
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TABLE |.—The Occurrence of the Parasites of Minnesota Moose in the Order of their Frequency. 


SPECIES OF PARASITES COMMON NAME 


Winter tick 


Dermacentor albipictus 

Nematodirella longispicu- 
lata 

Dictyocaulus viviparus 

Cysticercus tenuicollis 


Lungworm 
Bladderworm 


Hydatid tapeworm 
Rumen fluke 
Tapeworm 

Liver fluke 

Body cavity filariid 
Bladderworm 
Nodular worm 


Echinococcus granulosus 
Paramphistomum cervi 
Moniezia benedeni 
Fascioloides magna 
Setaria cervi 
Cysticercus sp. 
Oesophagostomum (H.) 
venulosum 


Trichuris sp. Whipworm 


Ascaris sp. Ascarid 
Elaphostrongylus sp. 
Simulium venustum Black fly 


* 
> = 
& 
LocaTION IN/ON KODY 9453 < 
a6 
se 
Skin 24 36 66.6 
Small intestine 14 30 46.6 
Lungs 14 33 42.4 
Mesentery, liver, 13 34 38.2 
cardiac and skeletal 
muscles 
Lungs, liver 12 33 36.3 
Rumen 9 30 30.0 
Small intestine 5 31** 16.1 
Liver 4 33 12.1 
Coelom, mesentery 4 30 13.3 
Liver 2 34 5.8 
Colon 1 31 3.2 
Cecum 1 31 3.2 
Small intestine 1 31 3.2 
Anterior chamber 1 34 2.9 
of eye 
Skin 1 ? ? 


*While a total of 36 moose have been examined, they have not been represented in all cases by en- 


tire carcasses. 


**One of these determinations was based on the 


monly in the timber wolves inhabiting the 
moose range. Riley2*: 23. 24 reported that of 
12 timber wolves (Canis lupus lycaon) ex- 
amined, five harbored the adult worms. 
Coyotes were found not to be infected 
(Riley?*. 24), but this is not to be consid- 
ered as evidence that they do not act as a 
definitive host. 

Two species of adult cestodes are re- 
ported for North American moose. The 
only one found in Minnesota is Moniezia 
benedeni which occurred in five animals, 
two of which were reported by Jellison.® It 
is doubtful that these are the cause of any 
unhealthy condition in the moose. The 
fringed tapeworm (T. actinioides) was re- 
ported by Dikmans‘ from a moose at Yel- 
lowstone National Park. 

Moniezia denticulata was reported from 
A. alces in Germany by Hinemann.!” 


presence of anoplocephalid ova in a fecal sample 


TREMATODA 


Two species of flukes were found in A. 
americana. They are the large liver fluke 
(F. magna) and the rumen fluke (P. cervi). 
The rumen fluke is by far the commoner, 
but probably causes little or no damage to 
the adult host. At least one death has been 
attributed to the large liver fluke; more 
than 500 specimens were estimated to occur 
in a two-year-old male which was found 
sick in the woods but died during the nigh! 
before being examined. In this instance, 
extensive damage to the liver was observed, 
and fluke ova were found distributed widely 
between the layers of the mesentery. Ord.- 
narily the infections are light, and little i! 
any serious damage is discernible. 

Three additional species of liver flukes 
reported for A. alces have not been foun 
as yet, in A. americana. They are the con- 
mon liver fluke (Fasciola hepatica) (Wetz« 
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nd Enigk!*: 15), the lanceolate fluke (Dicro- 
velium lanceolatum) (Szidat,*5 Wetzel and 
and Parafasciolopsis fasciolae- 
norpha (Ejsmont,?° Ullrich,*7 and Wetzel 
ind Enigk®). 


Key for field identification of the parasites known 
to occur in North American moose.* 


(1) External parasites, ticks: Dermacentor 
albipictus (Packard) Internal 
worms 2 
Flat worms; flukes in liver or rumen 
and tapeworms, adults in intestine or 
larval forms, as bladder worms (Cysti- 
cercus), encysted in clear vesicles on 
mesentery, liver, heart and skeletal mus- 
cles, or as thick-walled hydatid cysts in 
lungs or liver 
Round worms in 
lungs, or intestine 
Flukes in liver or rumen 
Tapeworms as adults in intestine, or 
bladder worms, or hydatid cysts 
Large, leaf-shaped flukes found in liver; 
liver flukes: Fascioloides magna (Bassi, 
1875). 

Small, rounded, 
tached among villi of rumen; 
flukes: Paramphistomum 
(Schrank, 1790). 

Adults elongated, many segmented tape- 
worms in small intestine 6 
Larval stages encysted on mesentery or 
liver, in skeletal or cardiac muscles or 

(6) Adult worm with posterior margin of 

each segment smooth: Moniezia benedeni 


body cavity, eyes, 


reddish flukes found at- 
rumen 
cervi 


*The author explains the above tabulation as 
follows: 

The figures on the left hand side of the page 
réfer to the different types of parasites found in 
the moose. For example, (1) on the left hand side 


of the page, “external parasites, ticks,’’ shows that 
the only ticks which have been Tound on moose 
ire the Dermacentor albipictus Packard; therefore 
hat is the end of the key. 
The figures on the right hand side of the page 
efer to the numbers on the left hand side, i. €., 
nder (1) “internal parasites, worms,” leads to the 
gure 2, which indicates that reference should be 
ade to (2) on the left hand side of the page. 
lere will be found listed flatworms, flukes in the 
ver or rumen, tapeworms, ete. Any other parasites 
that location not listed in the first paragraph 
ill be found in 3 as indicated on the right side of 
e page; therefore, refer to (3) on the left hand 
de. If this does not apply to the parasite being 
lentified, then the key on the right hand side 
fers only to figure 4. Refer to (4) on the left 
ind side and the final identification will be found 
’ those flukes which were found in the moose. 
ince that is the final identification, it is the end 
the key as far as that parasite is concerned. 
Referring to (2) on the left hand side of the 
age—“roundworms in body cavity, eyes, lungs or 
testines” leads to the figure 8 on the left side. 
o complete this identification, refer to 8 on the 
ight side, and continue as indicated above. 


(Moniez, 1879). 

Adult worm with posterior margin of 
each segment distinctly fringed: Thy- 
sanosoma actinioides (Diesing, 1835). 


Thin-walled clear vesicles (Cysticercus) 
on mesentery, liver, or in skeletal or 
cardiac muscles: Cysticercus tenuicollis 
= Taenia hydatigena (Pallas, 1766). 
Thick-walled, opaque, hydatid cysts in 
lungs or liver (rarely): Echinococcus 
granulosus (Batsch, 1786). 


In eyes or body cavity, free or in mesen- 
tery of latter: Setaria cervi (Rud., 
1819), and Elaphostrongylus (7?) sp. 
In lungs or intestinal tract 


In bronchi and bronchioles of lungs: 
long and thread-like lungworms: Dic- 
tyocaulus viviparus 1782). 

In intestinal tract 


Large worms, approaching a lead pencil 
in size, in small intestine: Ascaris sp. 
Small worms, never remotely approach- 
ing the above size 

Worms with slender, thread-like an- 
terior ends and thicker posterior ends, 
in cecum; whipworm: Trichuris sp. 
Worms without thread-like anterior end, 
bodies of same diameter throughout 


Long slender worms, males 11-16 mm., 
females 13-24 mm., in large intestine; 
nodular worm: Oecesophagostomum (H.) 
venulosum (Rud., 1809). 

Long slender worms, males 20-25 mm., 
females 45-50 mm., in small intestine: 
Nematodirella longispiculata (York and 
Maplestone, 1926). 
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